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APPENDIX 1

RESEARCH EQUIPMENT DEFINITION DATA

I.1 INTRODUCTION

Research equipment requirements were based on the Mini~7 and Mini-30 laboratory
concepts defined in Tasks A & B of-the initial LSPD contract. Modified versions of
these laboratories and the research equipment within them were to be used in three
missions of Shuttle/Sortie Module. These were designated (1) the Shared 7-Day
Laboratory (2 mission with the life sciences laboratory sharing the Sortie Module
with another scientific laboratory), (2) the Dedicated 7-Day Laboratory (full use of
the Sortie Module), and (3) the Dedicated 30~Day Laboratory (full Sortie Module use
with a 30-day mission duration). In defining the research equipment requirements
of these laboratories, the equipment was grouped according to its function, and
equipment unit data packages were prepared. These data packages follow a common
format and are contained in this appendix in Sections 1.2 through I.15. This section
I.1) is devoted to describing the general content of each of these data packages.

Table I.1-1 shows the groups of equipment units for which equipment unit data packages
have been prepared. An equipment unit (E.U.) is a group of equipment items (E.I. 8)
which pertain to the performance of common functions such as preparation and pre-
servation of organisms and specimens. The equipment units which pertain to general
laboratory operations required by all the FPEs are designated common operation
research equipment (CORE), and the others are designated F.P.E. specific. These
designations were derived.in earlier studies and their use was continued in this study.
In all, there are 14 equipment unit groups. These groups contain from about 5 to 30
equipment items, '

As shown in the table, in several cases several equipment units have been combined
and the related data placed in one E.U. data package. This was done because the
individual equipment units contained very small numbers of items, and/or the items
were very similar in nature and it was convenient to group them together. An example
of this is E.U, 40, the Small Vertebrate Holding Unit, E.U. 41, the Primate Holding
Unit, and E, U, 42, the Vertebrate Research Unit.
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TABLE 1.1-1

LABORATORY EQUIPMENT UNIT GROUPS

__EU No. Name
.
1 Visual Records & Microscopy Unit -
.2 Data Management Unit
3 1ife Sciences Experiment Support Unit _ . _
4 Preparation & Preservation Unit : ? Core Units
) Blochemical & Biophysics Analysis Unit :
6/1 Maintenance Repair & Fabrication Unit/Ancillary
| Storage Unit _ J
1 Airlock/EVA Capability 3
12731 Biomedical /Behavorial Research Support Unit/
Biomedical Research Support Unit
26 Radiobiology Support Unit _
40/41/42  Vertebrate Holding Unit/Primate Holding Unit/ -
Vertebrate Research Support Unit FPE
50/51/70  Plant Holding Unit/Plant Research Support Unit & [ Specific
Tnvertebrate Holding Unit ' Units
60/61 Cells & Tissue Holding Unit/Cells & Tissues )
Research Support Unit
80 Life Support Subsystem Test Unit
91/93 Behavioral Measurements, Unit/Mobility Unit -

Shown below is an outline of the kind of information to be found in Sections 1.2 through
1. 15 on each equipment unit group.

s Functional Capability & Summary Data
Summary of Weight, Power, Volume & Cost

* Equipment Items
Equipment List
Equipment Volume & Placement Figures

* Operations & Interfaces
Equipment Operations Analysis
Data Requirements
Consumables
Launch & Re-entry Operations
Electrical Power
Heat Rejection
Typical Equipment Unit Functional Interfaces

* Equipment Iiem Cost‘ Summary
1-2



First is summary information containing a statement of the functional capability of
the equipment wnit and a table of total weight, power, volume and cost. Next there
is detailed information about each equipment item within the equipment unit, This
includes a listing of all the equipment items along with their pertinent properties,
and figures showing the volume and placement of these equipment items within
standardized racks and consoles.

In the area of operations and interfaces, an operations analysis model is presented
and the sampled data requirements of the equipment items are tabulated. Also in-
cluded is information on the consumables required within the equipment unit, and
gerneral information on any equipment requiring special consideration during launch
or re-enfry. Electrical power and heat rejection requirements of the equipment are
presented. Typical research functional interrelationships between the equipment
units are also described for most of the E. U. s. These are intended as an aid to the
engineer in understanding how each equipment unit may be used by the payload
Specialists, and what other equipment units interact with the subject equipment unit,
This information is intended to aid in the proper placement of the equipment units
within the overall laboratory.,

The last item listed is the equipment ifem cost summary. The cost summary table
indicates the type of development required as well as the time required for the de-
velopment of a flight article, Each of the three Sortie Module Laboratories are listed _
with unit and development costs for each individual EI and a summation for the total
EU cost. Commercial costs for certain EI are listed for comparison. When appro-
priate, remarks pertaining to the cost factors of an EI are included in the table.

4

Table I.1~2 is a sample of the equipment unit summary table for E, U. 5, the Biochem-
istry/Biophysics Analysis Unit. As shown, properties are given for eachof the three
laboratories studied, The properties summarized include the number of standard
racks and/or consoles required to contain the equipment, and the volume of these
racks and consoles.

The average electrical power is presented for the 12-hour period when the crew is
on-duty, as well ag the off-duty period. The estimated a. ¢. and d.c. components
are also indicated, along with an estimated peak power requirement for the on-duty
period. It was assumed throughout this study that the use of 28 v d.c. electrical
power was preferred to any of the types of a.c. In the Sortie Module, hydrogen fuel
cells are the primary power source and these units generate d.c. power. Thus,
d.c. power will be the most efficient to use and will require the least equipment.
Alternating current power will be available but will require various types of condi-
tioning equipment.



TABLE I.1-2, SUMMARY OF PROPERTIES
E.U. 5 Biochemistry/Biophysics Analysis Unit

SHARED DEDICATED DEDICATED
PROPERTY 7-DAY LAB. | 7-DAY LAB. J0-DAY LAB.
NUMBER OF RACKS & CONSOLES 1 2 25
VOLUME, dm?, TOTAL | 1671 2099
RACKS & CONSOLES 744 1488 1860
DISTRIBUTED & EXTRA ITEMS 137 183 239
SMALL STORAGE ITEMS (MISC.) ) 0 Q 0
FIXED WEIGHT, kg (LB) 230 (505) 453 (997) 582 (1,280)
ELECTRICAL POWER, W
ON DUTY* AVERAGE POWER, TOTAL 88 35 320
ESTIMATED D-C 80 _ 100 105
ESTIMATED AC 8 215 2i5
OFF-DUTY" AVERAGE POWER, TOTAL Bo 225 225
ESTIMATED D-C 80 © 100 100
CSTIMATED AC . 0 125 125
ESTIMATED ON-DUTY PEAK POWER 500 1,000 1,000
HEAT REJECTION, wy
OM DUTY LOAD, TOTAL BB 315 320
ESTIMATED AIR COOLED LOAD 44 158 160
ESTIMATED COLD PLATED LOAD 44 158 160
OFF DUTY LOAD, TOTAL 1} 225 225
ESTIMATED AIK COOLED LOAD 40 113 113
ESTIMATED COLD PLATED LOAD 40 113 113
DEVELOPMENT COST, $K 1,706 5,109 6494
UNIT COST. $K 347 823 | 028
*12 HOURS '

Most of the equipment items aboard the laboratories are in the conceptual design
phase as far as a flight qualified item is concerned. Thus, either design and fabri-
cation are yet to be done or modification of existing equipment is required. In this
process, it was therefore assumed that d.c. power would be utilized unless it con~
flicted with the basic power using process, or with existing designs not amenable to
the change. »

Table 1.1-3 is an example of the equipment itemlist from E.U. .25. The data in-
cludes (1) the name of the equipment item, (2) the E,I. identification number from

the equipment inventory, (3) the number of E.I.s required in each laboratory, (4)

the unit weight of each E.I., (5) the average power required while the unit is operating,
(6) the unit volume of each E.I., (7) the development and unit costs, and (8) a general

description of the E.I. or its purpose. Detailed notes pertaining to the tahle are as
follows:
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*EI No. in parentheses in this column indicates that the item is needed only for
the dedicated 30-day mission.

**Number of units (EIs) required in shared laboratory is given by the upper number,
and the number required in the dedicated laboratories is shown by the lower
numbers. Parentheses indicate the number required for the 30-day laboratory
(only if it is different from the number required for the dedicated 7-day laboratory).

*¥*Average power while equipment is operating.
+The top number (unparenthesized) is development cost. The parenthesized numbers
are unit costs, and a plus (+) indicates a unit cost value for a commercially avail -
able item intended for ground use.

TABLE I.1-3. SAMPLE EQUIPMENT ITEM LIST (PARTIAL)
E.U. 5 - Biochemistry/Biophysics Analysis Unit

NO, OF 1
UNITS ' COST
ACYD, " | UNIT UNIT UNIT ¢ DEVELOP.
Ef. | SHARED, [WEIGHT | PWR*** | VOLUME' (UNIT}
E. 1. NAME NO.* | DED. RGILBD ) WATTS | gohprd) | $K GENERAL DESCIPHTION
- T
AUTOANALYZER, MULTIPLE | 7 [ 114 400 426 700 TO PERY OAM VARIOUS ANALYSES ON BLOOD AND OTHER
1 1250 151 ! non METABOLIC FLUIDS
|
ANALYZER, ATOMIC {8A} t |a 1o 113 100 TO ANALYZE METALLIC AND SEMI-METALLIG ELEMENTS
ABSORP(ION 1801 14.0) | 160] IN SOLUGTION,
SPECTAOPHOTOMETER |l
ANALYZL R, GENEHAL n 1 136 450 283 350 FOR SPECTRAL ANALYSIS OF GASES & LIOUIDS
SPECTHOVHOTOMETER 1 1300 1ot 1501
ANALYZFH, LRENE, 13 [ - - - - PART OFAUTOANALYZER, E.1.7
AUTOMATIC 1
ATAOSPHLHIC SAMPLING 164 1 73 a 8 o ' FOR FERIDDIC SAMPLING OF CAGE & CAGE MOTILILE
MANIFULD SYSTEM 1 |50 : {10} 0] ATMOSPHERES. PAYLOAD SPECIFIC. ESTIMATES FOR
WT. AND VG, SHOWN, .
AUGIOMETER (168} m |5 = 4 % FOR SNUND SOURCE T0 £ARPIIGNES OR BONE VIBRATCRS.
1100 {015} {5} 1456 TO 8000 HZ. FOR MEASUREMENTS O8 MAN.
T T S W SR | e ——— ek

Standard sized racks and consoles were used to house the equipment. The outline
of the rack and console are shown in Figure I.1-1. They are 0.61 X 0.61 x 2,0
meters. The equipment items were conceptually placed in the rack and console as
shown in the figure. The names and volumes of each E.I. are listed in the tabula-
tion to the left of the figure. It might be mentioned that a cubic decimeter is ap-
proximately equal to one liter (=1 quart) and there are 1000 dm® per m® and 28.3
do® per cubic foot. To the right of the figure is a list of E.I.s within E.U. 5 which
are distributed around the laboratory because of their specific function.

An operations model was developed based upon the functions to be performed within
the laboratories as listed in the functions inventory which was developed during Task
A & B of the preceding contract. This permitted the calculation of certain laboratory
properties, such as electrical power usage, while maintaining a facility approach to
laboratory definition.,

I-5



EQUIPMENT ITEMS IN RACK & CONSOLE DISTRIGBUTED DR EXTRA EQUIPMENT ITEMS
. - {NOT 4N RACK OR CONSDLE)

VoL, RACK COMMOLE voy.

E., NUMDER B NAME dmd (0.61 m DEEF) 1) 61 m DEER} E.}. NUMBER & NAME dny

ER RN
i RAGK: : ) .
7 AUTOANALYZER e : : . 154 GASMAMIFOLD 2
11 SPECTROPNOTOMETER 283 e SA - MANIFOLD FLOWCONTROL 18
TOTAL 708 1" o Ma&s SPECTROMETER (1) 8
EXCESS VOL. ALLOWANCE 36 hamal o Pty Sy LU
: 1258 METERS (MISC.) ¥

I TOF OF CONSOLE:

I TOF OF CON 125¢ AMPLIFIEAS NEGL.
g 2&;:9{%‘:}1‘;?““ ?I 51 52 20m  1BDA TRACE GAS CONCENTRATOR 28
70.  FIBROMETER 2 TOTAL TH
85 BLOOU GAS ANALYZER 45
80 MALS SPECTROMETER 87
91 MASSSPECTROMITER (1) 6 o.dem

138 pHMETER 23 : T
157 SOUND METER 28 L N
ToTAL 0 WORK SURFACE !
EXCESE VOL. ALLOWANCE 40 ,
INBOT(OM OF COMSOLE:
8 GANCHAOMATOGRAPH 207 a8
WEC  REFRACTUMETER
1268 MICHOPHONIS 15) 1NEGL) 0.76m
199a  THERMUOGOUPLES
TOTAL 208
EXCESS VOL. ALLOWANCE 7B

Figure I.1-1, Equipment Volume & Placement Example,
E.U. 5 - Biochemistry/Biophysics Analysis Unit -
Dedicated 7-Day Laboratory

For each equipment item in the laboratory, specific functions are listed in the
functions inventory. Also listed is an estimated time to perform each function.

The operations model is formed by using these timesg in addition to an assumed
frequency of occurrence for each function, as indicated in Table I.1-4., Shown are
two sample equipment items and the functions for which they are used. The assumed
function frequency, as shown, was multiplied by the time for the crew (payload
specialist) to complete the function which is contained in the functions inventory.
This results in the crew times as shown in the table. More detailed discussion of
the operations model and the crew time requirements are contained in Appendix II.

The time in Table 1.1-4 was also used to calculate average power requirements of
the laboratory, as shown. This was done by multiplying the power required for each
E.I. by the time that the E,I. was on and averaging this power consumption over 24
hours.” Some of the E.I.s which operate only during the time while the payload
specialists are doing research in the lab were averaged over this 12-~hour on-duty

period. These values were used to calculate the on-duty versus the off-duty power
requirements.

Table I.1~5 shows the format used in compiling the sampled data requirements of each
equipment unit. The equipment items which would require data signal or -control sig-
nal interconnections with the data management subsystem were listed along with the
signal characteristics. These include range, resolution, signal type, number of
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TABLE L.1-4. SAMPLE OF EQUIPMENT OPERATIONS MODEL (Partial List)

E.U. 4 - Preparation & Preservation Unit

DEDICATED LABS — 7 & 30 DAYS SHARED 7-DAY LAG
NO. OF CREW AVG, {IND.OF CREW AVG.
EQUIP. EQUIPMENT NAME CPITEMS | FUNCT. | TIME, POWER,JITEMS | FUMCT. | TIME, POWER,
ITEM & USING FUNCTION REQD. | FREQ. MIN/DAY | WATTS |REQ'D | FREQ MHN/DAY | WAYTS
014 | ANESTHETIZER (INVEHRT ’
HANDLING) 1 1
78A INVERTEBRATE s MiN/OY] 150 Q. SMin/DY. 5.0 o
COLINTING & SDRTING
16 i) 1 Q
018 | BENCH, L AM FLO 1 1
6A URING MANAGEMENT TWK. 4.0 0.6 1MWK, 40 0.6
88 FECES MANAGEMENT 1/WK. 1.0 .6 1MWK 4.0 0.6
31B  BIOSAMPLING G6/DAY 30.0 4.2 3/DV. 15.0 21
7BA INVERTEBRATE 15 MIN/DY| 150 21 SMIN/DY.] 50 0.7
COUNTING & SCRYING .
918 PLANT - - - - 2K, 2.0 1.1
RADIOCHEMISTRIES
928 VERTEBRATE AWK, 16.0 22 2K, 8.0 1.1
AADIOGCHEMISTRIES
938 INVERTEBRATE 4ANVK. 16.0 2.2 /WK, 8.0 1.4
AADIOCHEMISTRIES
948 CELL & TISSUE 4/WK, 16.0 2.2 2/WK. 80 1.1.
RADIOCHEMISTRIES
1244 CREW/ORGANISM 1/4 HR, 2.0 13 1Y, 3.0 0.4
{SOLATION
125A  CREW/CHEMICAL 1/4 HRA. .0 1.3 DY, 20 0.4
ISOLATION
. 1 - -
J 353A CULTURE/SENSITIVITY 1MWK, -10, '%7— - %6 | o
i M e N S SRR 120 e i T N SR PN

TABLE I.1-5. SAMPLED DATA REQUIREMENTS (Partial List)
E.U. 5 - Biochemistry/Biophysics Analysis Unit

! Dedicated 7-Day Laboratory
'
EOUIPMERT 1T £008 - SENSOA/SIGHAL CHARACTERISTICS o ___ PROCESSING .
{E.1L NOJF). NDY . l 81TS SAMPLING | SAMPLING TOTAL FOTAL COMMENTS
AND SIGNAL IGENTITY SIGNAL | HE: OF | Piy DUGAATION | HATE PLRIBN AATE |BITS
HANGE HESOLUTION | 1VPE  [cHAN, [ sameLE|mirimay | CHannEL [6Ps PER DAY

GENEHAL WPECTROPLOTO

METER (511}

- WAYELENGTH MONESONt [ g8v LV awaL, | 1 W S BOHSEC Lo 2.7 FOR A AAUR
CLTECTOR SIGHAL 0Ev 1omv Anat, | 2 ] BOR/SEN: |45k M SCAKMING NATE
UHIOFF CONTADL 2POSTION [1POSITION | ruc. 1 1 COWY | WSIe ' ek
QUTFUT HANGE SELECT LY 1 (7 T A ) 2 ] 15 C H 1
SCAN SPLED SELECT 16 1 DIG. 1 2 9 SIC 1 A
HSPECIMEN LD, 1100 ¥ [E1T] 1 * 9 0 WSEC 1 MEGL.

AUDIOMEETS {5/158]

TONE SIGNAL QUTPUT §00-BkMT [ 10 Wa AMAL. 1 - & - - - HARDWIRE 1N

AMHLIFIER SAIN ELEVELS |1 LEVEL ma. s 3 L} VEED 3 T - | ANALUG EQUPMENT

D1 OFF CORTROL ZPOSITIONS! ZPOSITION | DIG. v b CONT. | wsEC 1 B8k

RESPONIE XEvS 112 1 Dig. ] 4 4 VSEG 4 w

TONe COHTROL o5V oosy AMAL. ] 7 L] 0.VSEC 1 NEGL,.
L |
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channels, and bits per sample. The sampling duration was obtained from the opera-
tions model described on the preceding two pages, and the sampling rate was esti-
mated based on the dynamic nature of the signal, The total bit rate is the sampling
rate per channel multiplied by the product of the number of channels and the number
of bits per sample. The total bits per day is the total bit rate multiplied by the
gampling duration. The total bits per day summed up for all equipment within the
laboratory was used to calculate an average sampled data rate for the laboratory.
Only the Dedicated 7-Day Laboratory sampled data requirements were tabulated for
the equipment unit groups. They were used to establish approximm te sampled data
requirements for the Shared 7-Day Laboratory and the Dedicated 30-Day Laboratory.

1.1.1 COMMENT., In some cases, the analysis of the various data contained in the
following sections is more rigorous than the accuracy of the data would warrant.

This has been done in order to establish models which can be critiqued and improved
upon for future use with updated information. It was also felt that such analysis

would yield better results than more approximate techniques such as the use of over-
all factors, and that it would also preserve a record of the basis of the data presented.

The development of more accurate data on an equipment item level was beyond the
scope of the current task, Many of the equipment items aboard the payloads will re-
quire extensive and costly development programs in order fo obtain better definitions
of the weight, power, volume, and interfaces of these items. For this contract, the
purpose of which was to generate preliminary plamming information, the best available
equipment item data was used within the limitations of the contract.



1.2 EQUIPMENT UNIT 1, VISUAL RECORDS AND MICROSCOPY UNIT

I.2.1 FUNCTIONAL CAPABILITY & SUMMARY DATA. This equipment unit provides
the capability for obtaining and preserving records of visual experiment phenomena and
data. A summary of the pertinent properties of this equipment unit is given in Table
I.2-1,

I.2.2 EQUIPMENT ITEMS. Major equipment items include movie cameras, still
cameras, video cameras, a biomedical recorder and microscopes. The amount of
flm, recording chart paper, and log books is based on the mission duration of either 7
or 30 days, see Table [.2-2.

The placement and volume of the equipment is shown in Figures 1.2-1 & 1.2-2. In the
Shared 7~Day Laboratory, two of the cine cameras were assumed to be in fixed posi-
tions within the Sortie Module. The other two are stored in the console and can be
used at varied experiment sites on an as-needed basis. The same holds true for the
two video cameras in the console, which are to be used to record a variety of Bio-
medical, MSI, & LSPS experiment events. The four distributed video cameras are
located in the cage modules to monitor vertebrates, plants, and/or invertebrates.
The same sort of rationale applies to the cine & video cameras in the Dedicated
Laboratories, Figure [.2-2., The four cameras in the Shuttle for the 30-day mission
are to be used for MSI habitability studies.

1.2.3 OPERATIONS & INTERFACES

Equipment Operations Analysis - See Table I.2-3.

Data Requirements - Sampled data requirements are estimated in Table
1.2-4. For a discussion of the handling of video ddta from the video .cameras, see
Section 3.0 of Vol. II of this report.

Launch and Re-Entry Operations - Currently, none of the cameras or other
equipment in E.U. 1 is anticipated to be operating during launch or re~entry phases
of the mission. Any such requirements are considered to be experiment-specific
and will be delineated when such experiments are to be flown.

Electrical Power - Electrical power requirements are given in Table 1.2-1,
Major average power consumers are the camera controller and cameras. Itis esti-
mafed that the majority of this power will be 28 v. d.c. Peak loads in the dedicated
labs will be on the order of 600 watts when the biomedical recorder and color video
camera are on simultaneously. The peak load for the shared lab is about 450 watts
when the biomedical recorder is on.
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Heat Rejection -~ On-duty heat rejection loads are:

Shared Lab 224 w, (765 Btu/hr)
Dedicated 7-Day Lab 261 w (891 Btu/hr)
Dedicated 30-Day Lab 271 w, (925 Btu/hr)

In the interest of minimizing the cahin air load, the camera controller (200 w ) could
be cold=plated using the Sortie Module water coolant at 296°K to 310°K (73°F to 99°F).
Thus, the remaining equipment would contribute approximately 24, 60, and 71 wt for
the three laboratory heat loads shown above.

Typical Equipment Unit Functional Interfaces - See Table I, 2-5.

1.2.4 EQUIPMENT ITEM COST SUMMARY - See Table I,2-6.
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TABLE I.2~-1, E.U. 1 (VISUAL RECORDS & MICROSCOPY UNIT) -
SUMMARY OF PROPERTIES

[ Sharcd Dedicated Dedicated
Property 7-Day Lab | 7-Day Lab ]30-Day Lab
Number of Racks & Consoles 1/2 1/2 1/2
Volume, dnf (i), Total 446 (15.7)( 463 (16.3) | 463 (16.3)
Racks & Consoles 372 (18.1) 872 (13.1) | 372 (13.1)
Distributed & Extra Ttems 1 (2.6) 91 (3.2) 91 (3. 2)
Small Storage Items (Misc. ) 0 0 0
Fixed Weight, kg (Ib) 181 (398) |[258 (568) [299 (658)
Electrical Power, w
On Duty* Average Power, Total 224 261 271
. Estimated d,c. ' 223 248 258
Estimated g, c. 1 13 13
Off-Duty* Average Power, Total 219 237 246
Estimated d.e. 219 237 246
Estimated a.c. 0 0 Y
Estimated On-Duty Pealk Power 450 600 600
Heat Réiection, W ¢
On Dutfy Load, Total 224 261 271
Estimated Air Cooled Load 24 61 K
Estimated Cold Plated Load 200 200 200
Off Duty TLoad, Total 219 237 246
Estimated Air Cooled Load 19 37 48
Estimated Cold Plated Load 200 200 200
Development Cost, 3K 3490 3791 3791
Unit Cost, 3K 419 603 643
*12 Hours
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TABLE L 2-2, EQUIPMENT ITEMS (Els) CONTAINED IN EQUIPMENT UNIT # 1

VISUAL RECORDS AND MICROSCOPY

No. of
TUnita Caost
Reqd, | Unit Unit Unit Develop.
E.l. |Shared, | Welght | Pwrt** Volumg (Unit)+
E.l. Name No,*| Ded, kg (lb.} | watts (ﬂ: ) $K Comments
Adapters, TV - ac 0 0.2 0 2.8 1 To allow viewing the subject under the microscope
Microscopa 1 (0.4} (0.1) (e8] with a TV camera
Camersa, Cine a2 4 3.6 [i] 8.5 150 For visual records of experiment phan.oména.
[} (8) (-3 20
@t
Camera Controller J2A 1 14 200 28 3000 Electronic instrument to control the operation of the
1 {30) 1.0) (150) video cameras within the cage modnles. [ssues com-
mande to cameras and identifies time and subject of
image being received. Procesges ime lapse video
data for transmiasion to recorders.
Camera, Still M4 2 11 [i] 14 20 To provide still photographic documentation of
{Plate Film) 2 (25) (0. 5) (5) varions experiment phenomens such a8 disgections.
Includes work table with lights.
Camera, Video, a7 6 4.5 15 2.8 0 Black and White Camera, for recording and monitor=-
B/W 10 (10} 0.1} (10} ing experiments and organisms.
a4) 1o+
Camera, Video, Color 38 1} 36 150 4 300 For recording and monitoring experiment phenomena,
1 (8D) (2.86) {100 for down-linking data
@oy
Camera, X+¥Y Drive agal 1 2.3 20 11 100 Mechanical drive system for video cameras (similar
4 (5) 0.4) ) to X-Y plotter mechaniam) for the purpose of
scanning and monitoring varlous experimental
organisms with ono camera. Part of cage module,
EI 108, E.U. 40.
Film 76C( 1 ] 0 9.5 0 5till photography and motion ploture film,
2 20) {0.3) [0}
@)
Filters, Video TBE! 1 .8 1} 2.8 0 Filtars for color video camera.
’ 1 3] (0.1) 1]
Log Books 11% 11 .5 4} 1.4 i} For daily records.
11 {1y (0. 05) 0)
Microscops, Compound 1261 1 6.8 25 23 20 General purpose binocular microscope for tissue
1 {15) (0. 8) {12) ptudies, etc., with camera attachments,
ot
Moniter, Video 126G 1 9.1 50 7 0 For on-board ohservations of experiment phenomens
1 {20) 2.0 {5) by the crew. Located near the cage modules,
Paper, Recerding 1348 1 2.3 \] 8.5 0 For strip chart recorders.
1 {5} (0.3) ©)
(3}
Recorder, Multichannel | 150A 1 68 250 57 200 Recorder, 8 channel, to supplement the capability
Riomedical 1 {150} 2.0) (00) | of the Data Managerent Subsyatem,
{303+
Video ID Date~-Time 181E 1 - - - - Identification and time recording system for visual

System

records. Conceptual design item. Included in E.I.
324, E.T. 1,

* EINo, inparentheses in this column indicates that the {tem is needad only for the dedicated S0-day mission.

L1

Number of units (EIs) yequired in shared laboratory ta given by the upper number, and the mmber required in the dedicated

laboratories {3 shown by ths lower rumbers. Parentheses indlcate the number required for the 30-day laboratory (only if it 1s
different from the number required for the dedicatad ‘1-day laboratory).

g

Aversge power while equipment is operating.

+ The top mmbar (mparenthesized) is development cost. ‘The parenthestred mmbers are unit costs, and a plus (+) Indicates a
unit ¢ost value for a commarcially avellahle ftem intended for ground use.

’
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EQUIPMENT ITEMS IN CONSQOLE

E.I. Number & Name
In Top of Console;

32
324
34
k1
76C
76
116
126
134B
150A

FIGURE I.2-1 EQUIPMENT YOLUME AND PLACEMENT

Shared 7-Day Laboratory
E.3,1 Visual Records and Microsco

CONBOLE (0.61 m deep)

Vol,
dma
Cine Cameras (2) 17
Camera Controller 28
Plate Film Camsras 28
Video Cameras (2} 5.6
Film 9
Filters 2,8
Log Books 15,4
Binocular Microscope 23
Recorder Paper 8.5
Biomedical Recordex BT
Total 154,38
Excess Volume
Allowance 96

'ORK SURFACE !

N
EXCESS
N
\ \ 76C
76E
AN 116, &
126
32A 2.0m
3
32
i 134B
1504
/ WORK AREA
/ 0.46 m|

DISTRIBUTED OR EXTRA EQUIPMENT TTEMS

(Mot in Rack or Console)

Vol.
E.I. Number & Name dm?
32 Cine Cameras (2) 17

37  Video Cameras (4, in Cage
Modules) -

38A Camera Drive (in Cage

Module) -
126G _ Video Monitor 57
Total 74
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FIGURE 1,2-2 EQUIPMENT VOLUME AND PLACEMENT

Dedicated ?7-Day and 30-Day Laboratories
E,U, 1 Visual Records and Microscopy

EQUIPMENT ITEMS IN CONSOLE , DISTRIBUTED OR EXTRA EQUEPMENT ITEMS -
CONSBOLE {0.61 m deep) {Hot in Rank or Consols)
v°13' EXCESS\“I 424 Vol.
E.I. Number & Name dm’ LY E.I. Number & Name dm3
In Top of Congole: 1343 32 Cine Cameras (4) 34
3C  Microscope TV Adapter 2.8 38 37  Video Cameras {in Cage
32 Cine Cameras {2) 17.0 ac Modules) -
32A Camera Controller 28 T6E 37  Video Camerasa (4, in Shuttle,
34  Plate Film Cameras 28 116 & 2.0m needed only for 30-Day mission) -
37  Video Cameras (2) 5.6 126 384 Camera Drive {in Cage Module) =
33  Color Video Camera 74 22 24 ar 126G Video Monltor 57
76E TFilters 2,8 & Tatal 91
116 Log Books 15.4 134B
126  Binocular Microscope 23 (both 7 & 30-Day Labs)
124B Recording Paper 26% 1504
1504 Blomedical Recorder 56,6 }
. Total 279, 2 / o
Excess Volume WORK AREA
. Allowance 11 ) -0.46 m|
In Bottom of Console: ’ /
76C  Film 36
Total kL] ORK SURFACE /
Excess in Bottom of Conscle ]
to be used by E,U, 26 \
Used by 0.76 m
E,U,26
*30-Day Laboratory volume reguirement used \
76C \




EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function
automatic function
designates payload or experiment specific
high use frequency by crew
) bracket data is for the 30~Day Dedicated Laboratory only
Included in EI 32A
part of the Sortie Module Data Management Subsystem
not used for coded information
part of organism ECS
same as No, 2 above

D @R~ 4 %0
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TABLE 1.2-3. EQUIPMENT OPERATIONS ANALYSIS ~ EQUIPMENT UNIT 1. VISUAL RECORDS AND MICROSCOPY UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE. NO. OF CREW AVE,
EQUIP. 1TEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FRER. | MIN/DAY WATTS REQ'D FREQ. |MIN/DAY WATTS
3C ADADPTERS, 1V - MICROSCOPE 1 g
170A TV monitoring ad hoe - color 80 min/dy 30.0 0
30 0
32 CAMERA, CINE 6 3
15A Camera setup - 8pace 1/dy 20.0 0 - - -
B2ZB Crew body position measurements 30 min/dy 30.0 5} 15 min/dy 15.0 0
823B Crew body mation measurements 30 min/dy 30.0 0 15 min/dy 15.0 0
g0 0 30 0
324 CAMERA CONTROLLER 1 1
324 Specimen status chservation 20/dy 20,0 10/dy 10.0
65A Plant activity 1 min/dy © 1.0 1 min/dy ° 1.9
88A Animal aetivity 1 min/dy A 1 min/dy A
169A Television monitoring, routine & for data /5 ¢C A 1/5 ¢ A
170A TV monitoring ad hoe - color 30 min/dy 30,0 — - - -
51 200 1 200
34 CAMERA, STILL 2 2
154 Camers setup - space 1/dy 20.0 [} - - -
158 " " - ground - - - (Pralaunch) _
20 0 0 a
37 CAMERA, VIDEQ, B&W 10 6
154 Camera sefup - space (14) 1/dy 20.0 2.9 - - -
15B " " -groumd - - - (Prelammet.) -
324 Specimen status observation 20/dy 20.0 2.5 10/dy 10.0 0.5
85A Plant activity 1 min/dy 1.0 t 1 min/dy - 1.0 t
66A Animal activity 1 min/dy A t 1 min/dy A t
1694 TV monitoring, routine & for data /5 ¢ A 21.9 1/5¢C A 15.0
T80A Gross psychomtr. measmts. - body coord. - 2/3 dy an + - - -
g20C Task completion times 60 min/dy 0.0 ' 30 min/dy 30,0 t
830A Frequency of equipment utilization (t/10 C) {A) {®) - - -
831A Length of use of equipment/facility (110 C) (A} - - - -
832A Sequence of use of aquipment/facility {1/10 C) @A) t - - -
8344 Facility traffic patterns (1/1¢ C) &) I - _ —
105 286 41 18
(36)
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TABLE I.2-3, EU 1 (cont'd)

DEDICATED LAB SHARED LAPR
NO, OF CREW AVE! NO. OF CREW AVE.’
EQUIP. ITEMS FUNCT, TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/ DAY WATTS
38 CAMERA, VIDEQ, COLOR 1 0
154 Camera setup - space 1/dy 20.0 4.2
158 Camera setup - ground - - -
1704 TV monitoring ad hoc - color 30 min/dy 30.0 6.2
50 10
38A CAMERA, X~Y DRIVE 4 . 1
16C Setup camera optical commutatn. 1/5¢C A 16.0 1/5 C A 4.0
16D Setup camera optical com.—grnd. - - - - - -
) EL} [} 4
76C FILM 2 @&)* 1*
7GE FILTERS, VIDEQ 1 1 '
1694 TV monitoring, routine & for data, 1/5¢ A 0 1/5¢ A 0
¢ 1] 1} 0
114 LOG BOOKS FOR DAILY RECORDS 11 11
3504 Crew metabolic records - food consumpt., ete. 5 min/dy 5.0 ] 5 min/dy 5.0 0
4114 Mineral balance 4/dy 5.0 0 2/dy 3.0 0
4194 Nitrogen balznce 4/dy 8.0 0 - - -
4204 Caloric intake 2/dy 3.0 0 - - -
8338 Crew subjective comments 5 min/dy 5.0 0 5 min/dy 5.0 o
23 ¢ 13 [
126 MICROSCOPE, COMPOUND 1 1
TTA Microseopy general 4/2 dy 20.0 0.7 2/2 dy 10.0 0.4
1414 Adr particulate sampling & analysis (L/dy) 15.0) {0.5) - - -
4274 Platelet adhesiveness (2/wk} (6.0 (0.2} - - -
4524 Membrane assay and cyiogenic anal. {&/wk) (15.09 (0.5) - -
20 (56) 12) ETY 0
126G MONITOR, VIDEQ 1 1
154 Camera setup - space 1/dy 20.9 1.4 - - -
32A Specimen status observation 20/dy 20.0 1.4 10/dy 10.0 A
40 3 10 i
1348 PAPER, RECORDING 1 1
438 Digital records 3) 1/dy 5.0 0 1/dy 5.0 0
448 Analog records 1/dy 5.0 0 1/dy 5.0 0
10 Q 10 [}

*Use is payload and/or experiment specific.




TABLE 1.2-3. EU 1 (cont'd)

DEDICATED LAB

a1-1

! Included in E.I. 324.

SHARED LAB
NO. OF CREW AVE. NO. OF CREW AVE.
EQUIP. ITEMS FUNCT. TIME, POWER, | ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. |MIN/DAY | WATTS REQ'D FREQ. |MIN/DAY WATTS
1504 RECORDER, MULTICHANNEL, BIOMEDICAL 1 1 :
438 Digital racords 1/dy 5.0 1.6 1/dy 6.0 1.6
8 Analog records 1/dy 5.0 1.8 1/dy 5.0 1.8
7768 Grass psychomtr. measmts. - muscle strength 2/3 &y 6.7 2.1 - - -
17 5 10 3
181E VIDEO ID DATE-TIME SYS 1! 1!
854 Plant activity
68A Organism identification Alm
EU TOTAL 261/237 224/219
(271/246)




TABLE 1.2-4. DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS
E.U. 1 - VISUAL RECORDS & MICROSCOPY UNIT

611

SENSCOR/SIGNAL CHARACTERISTICS PROCESSING ]
Bits |Sampling |Sampling Total Total
EQUIPMENT ITEMS (E.U.#/E.L1.4) Signal | No. of per Durativn | Rate per |Bit Rats, Bits
AND SIGNAY, IDENTITY Range Resclution Type | Chan. Sample | min/day | Channel BP8 per Day COMMENTS
Biomedieal Recorder { 1/1504}
Recordad signal 0.5 v 50 mV Amnl, 8 7 17. 750/sec 42,0 K | 42.8 M
On-off control 2 Tevel 1 level Dis, 1 1 cont, 1/sec 1 86 K
Camera Controller (1/32A)
On-off indicator 2 lgvel 1 level Dis. 1 1 cont. | 1/seo 1 86 K
Camera select 1-10 1 Dig. 1 4 cont. | 1/sec 4 346 K
Orgenism ID gignal monitor 1 -80 1 Dig. 1 7 21 10/88e 70 BB K
Scan interrupt control 2 level 1 Dis. 1 1 21 10/sec 10 1K
Camern real time monitoring on-off gwitch 2 lavel 1 Dis, 1 1 21 10/38¢ 10 1K
Camera signal - - - - - - - - Hardwire to DMS TV monitor
43.4 M| TOTAL




TABLE L.2-5, TYPICAL EQUIPMENT UNIT FUNCTIONAL INTERFACES

EU 1 = VISUAL RECORDS AND MICROSCOPY UNIT

DESCRIPTION OF TYPICAL FUNCTIONAL INTERFACES WITH EU 1

CRITI-
CALITY*

6/7

11

12

&3
b

40

i1

42

51

60

61

T0

a0

a1

23

Commutation of video sfgnals from bloexperiment modules with subsequent conditioning, storage and
downlinking preparation.

Video and photographic documentation of biologloal fluid and tasue acquisition and preparation from
cage modules via the LFB, Photomicrographic documentation of cell morphology studies.

Vidso and photographic documentation of experiment specific laboratory operations. Conducting blood
eounts, and urine sediment snalysis.

Storage of photographie film within shielded compartments {lead lined).

Video monitoring and photogrraphie docomentation of EVA maintemance tesks and recording activity
of astronauts with the Maintenance Task Simulator,

Video recording of electrophyslclogy display., Video/photographic record of experiments using the
Rotating Litter Chair, Body Mass Measurement device, and psycho-physiological test equipment.

Eye movement siudies with the use of the iris camera, Video records of cardiopulmonary analyses
and correlation of zero—g actvities on the bicycle ergometer with the metabolic analyzer display on
split-image video monitor.

Video recording and photographic documentation of anlmal activity within cage modules. Video mond-
toring of zero-g adaptation and perturbation of normal, baseline (1 g) physiological and reproductive
responses,

Observation of adaptive responses to zero-g environment of sub-lmman primates as well as adjunctive
documentation of paychological testing activitles.

Photographlc stady of rat dssection and the preparation of slides for blood morphology and bone marrow
studies, and tissue sectioning for Wstslogle evaluation.

Video records of plant mass measurement study, .Evaluation ov zero~g adaptation by means of ime~
lapas photography. Editing of ime-Iapse studies and preparation for downlinking for diurnal rhythm
perturbation analyais in P.1I. ground lab.

Yideo/photo atudies of clinostat experiments. Cloge-up photegraphic studies and photomicrography
of paragitic affinity for plant tiesues in zaro-g.

Photographie dncuﬁlantaﬁon of subculturing and tissus embedment operations within the Laminar Flow
Bench (LFB). ' .

Fhotographic recording of colondal mormbolegy of bacterial cultures. Density photographs of impinge-
ment alr samplar agar plates.

Video documentation within the Invertebrate cage module of Insect actvity, reproduction and zero—g
adaptation,

Vigual decumentation of various test phenomens.

Video and photographic analytieal studies of psyehomotor performance levels, sensory aculty and
zero=g performance decrement.

Documentation of acHvity patterns of rats and mice and making size meazsurements,

* 1= Mintmal, 2=Nominal, § = Maxirmal

I-20




The majority of the heat comes from the portable display and the signal conditioners
(see Table I.3-4). It is estimated that these devices, as well as the other smm ller

loads, will be air cooled.

Typical Equipment Unit Functional Interfaces ~ See Table I, 3-8,

1.3.4 EQUIPMENT ITEM COST SUMMARY - See Table I.3-7.

P,
RECEDING PAGE BLANK NoT FILMED
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TABLE I.3-1. E.U. 2, DATA MANAGEMENT UNIT -
SUMMARY OF PROPERTIES

Shared Dedicated Dedicated
Property 7-Day Lab | 7-Day Lab |30-Day Lab
Number of Racks & Consoles 0 0 0
Volume, dnf (f£), Total 86 (3.0) 188 (6.6) 188 (6.6

Racks & Consoles 0 0 0

Distributed & Extra Items 86 188 188

Small Storage Items (Misc.) negl. negl. negl.

Fixed Weight, kg (Ib) 34 (75) 84 (185) 84 (185)
Electrical Power, w

On Duty* Average Power, Total 103 155 155
Estimated d.c. 103 146 146
Estimated a.c. 0 9 2

Off-Duty* Average Power, Total 100 146 146
Estimated d.c. 100 141 141
Estimated a.c. 0 5 5

Estimated On-Duty Peak Power 120 450 450

Heat Rejection, W,

On Duty Load, Total 103 155 155
Estimated Air Cooled Load - 103 155 155
Estimated Cold Plated Load 0 0 0

Off Duty Load, Total 100 1484 148
Estimated Air Cooled Load 100 146 146
Estimated Cold Plated Load 0 0 0

Development Cost, $K 87 372 372
Unit Cost, $K 167 285 285
*12 Hours
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TABLE £.3-2. BQUIPMENT TLEMS (EIs) CONTAINED IN EQUIPMENT UMIT § 2
DATA MANWAGEMENT UNIT
i{No. of
i Units Cost
"Redgd. | Unit Unit | Unit Devalop.
E.L Shared, | Waight | Pwrh+* Volumg (Unity+
E.I. Name No.* Ded. |kg{lb.) | waits dm® (#°) $K Comments
Antennzs, Assorted 148 i g .05 o] 0.03 20 For sequisition of radio tranamitted blological
| Pl (0.1) {o.00L)] (1) data, EMI monitoring, etc.
|
Compater, Digttal ! 1 - . |- - Conzidared to be part of support vehicle
| ‘ 1 Data Management Subsystem (DMS).
{
Data Menagement T 56A - - - - - Date Puses and Lines. Conaldered to be part
Hystem, Buses - of the Deta Management Subaystem,
Deta Management Systemﬂ 54 _ o] 32 360 [ 74 ‘ 100 Digitel Flotter/Printer. This unit tekes a
Flotter/Printer : 1 (70} (2.6) (38) ,| picture of CRT displey.
;‘ (3.8)
i
Data Management System,i S8R ¢ 1 - - - - Comtrol & Display Station Module, for crew/data
Bemote Control Stetion i 1 manegement subsystem interaction. Considered
. to be part of DMS.
Date Managerent System,' 58B - - - - - Provides interface between DMS and bilcinstrumente-
Remote Ingtrumentetion i - - tion. Imcludes bus terminal's, multiplexers,
Hodule switching unite, ete.
i
Display =~ Keyboard | 63 2 b 62 | 43 50 Portoble Interrogetive Display and Keyboerd.
t 2 {30} (1.5) (30 Oseilloscope /keyboard devies for crew guidence
; (3} at the experiment site.
' -
ECG Coupler bk 12 0.05 1 1.1 5 Coupler (signal conditioner}, for use on men
12 {o.1) (0.04) {1) end other vertevrates, see E,I, L56 for definl-
tion sheet.
EEG Coupler ©B5 0 0.05 1 1.1 5 Signel conditioner, see E,I. 136 for definition
: I { .1} (0.04) (1) sheet,
EMG Coupler i | o 0.05 1 |12 5 Signel Conditioner, see B.I. 156 for definiticn
E 6 (.1} (D.04) (1} gheet.
Oscilloscope i 132 Q 1k 50 28 150 For detm displey end veltags mepsurements.
L (20} (1.) (20) .| Includes persistant imege capability.
i (1.5)
Fhotoeells ;138 & 0.05 0 0.03 T . For monitoring light levels.
12 (0,1) {c.ooL)| {1)
Phatotrensister 1388 6 C.05 1 1.1 T Photocell couplers, for E.I, 1384
(Coupler) 12 (0.1) (0.0} 1)
Coupler =~ Pressure 143G o 0.05 1 0.3 5 Coupler {signel conditioner), for pressure
4 (0.1) {o.0L) | (1} tryansducer - solid stete plug-in cexrd. BSee E.I.
156 for definition sheet,
$ignal Conditioner 156 | 24 Q.05 -3 L. 15 Signal Conditiomer (coupler), to transform
(Caupier) 35 (ow1) {0.05) (3)+ signals from various sensora into B form compst=
(3} ivle with DMS.
Tape, Video 176 - - - - - Part of DMS
Timer, Event 180 2 Q.2 1 0.3 2 Gereral purpose elepsed time deviee, portable,
2 (2.5) {o.0L) (1) used for verious psychomotor performence testa,
biochemicel analysis procedures, etc.
Transducer, Preapure 181 9 Q.05 1 L,L L For various pressure neasurementc.
9 (0.1) (o.0k) [ (1)

+ EINo. In parentheses in this column fndloates that the ftem is needed only for the dedicatad 30-day mission.

*=*

Number of units (Els) required in shared laboratory Ia given by the upper mumber, and the mumber roquired in the dedloated

laboratories iz shown hy the lower mimbers. Parentheses indlcate the number required for the 30-day lahoratory (only if it 18
different from the number required for the dedicated 7-day laboratory).

ok

Average power while equipment 15 operating,

+ The top sumber (mparenthesized) ia development ocost. The parenthesized rumbers are unit costs, and a plus (+) indleates a
unit cost value for a commercially available ltem interded for ground use.
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TABLE L.3-3. EQUIPMENT VOLUME AND PLACEMENT -

SHARED & DEDICATED LABORATORIES

E.U. 2 - Data Management Unit
(No Rack or Console Required)

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS

1-26

Volume, dm3
Shared Dedicated
E.I. Number & Name 7~Day Lab Labs
58  Digital Plotter/Printer 0 4
63B Portable Display 86 86
64 ECG Couplers (in cage modules) - -
65 EEG Couplers (in cage modules) —— -
66 EMG Couplers (in cage modules) — -
132 Oscilloscope 0 28
138A Photocells (in cage modules) — —
138B Photocell Couplers (in cage modules) - -
143G Press. Couplers (in cage modules) - -
156 Signal Conditioners (in cage - -
modules)
181D Pressure Transducers (in cage - -
modules)
TOTAL 86 188
SMALL STORAGE EQUIPMENT ITEMS
(Can be stored in miscellaneous small
storage areas)
Volume, dm®
: Shared Dedicated
E.I. Number & Name 7-Day Lab Lahbs
14B Antennas 0 negl.
180 Event Timer negl, negl.
TOTAL negl. negl.




EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatic function

designates payload or experiment specific

‘high use frequency by crew

bracket data is for the 30-Day Dedicated Laboratory only
included in EI 32A

part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same a8 No. 2 above

N b WD b e ¥ e )
S

1-27



851

TABLE L. 3-4., EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 2. DATA MANAGEMENT UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE. RO, OF CREW AVE,’
EQUIP. ITEMS FUNCT. TIME, POWER, TTEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. |MIN/DAY | WATTS REQ'D FREQ. |MIN/DaAY WATTS
14B ANTENNAS, ASSORTED 1 0
4684 Elsctromagpetic feld monitry. & A o
Q 1}
51 COMPUTER, DIGITAL (see note) 1 12

4B
17B
18B
198
20A
518
52A
T2A
134
738
ToA
T6A
86A
165A
I12A

346A
3508
359A
364B
366A
403A
404A
416A
4684
525A
7004
T02A
T04A
TOBA
T07A
TORA
T08A

? Considered to be part of Sortls Module Data Management Subsystem.

Bioelectric transducer instalin. & sehip
Monitor ECG
Monitor EEG
Monitor EMG
Respiratory rate monitoring
Trace gas analysis hydrocarbons
Trace gas analyais inorganics
Organism dentification video records
Data storage
Data storage
Crew guidance
Experiment management gystem
Bacterial colonmy counting
Event monitoring
Electronic equipment calibration
Body mass measurement device
Subject histories
Crew metabolic records
Heart rate
Visual task with head rotation
Arteriolar reactivity
Average skin temperature
Red bloed cell mass
Tracking measurements
Eleotromapnetic Held monitoring
Datz mansgement
Visual measmis. - acuity
it " — stereopsis
- brightness thrashold
= polor perception
- critical flicker fusion freq.
~ phorias, lateral & vert.
- glare recovery

1" 1"

Note:

The "Equipment Operations Analysis" table is used to
determine two things: (1) average EY power require-
ments, and (2) EI placement and accesgibility for crew
use. Certain EIs have a very high use factor and it is
not neceasary to perform the detail analysis of function
frequency and craw times to establish this fact.




6g=1

TABLE L. 34. EU 2 (Cont'd)

DEDICATED LAB SHARED LAB
NO. OF CREW AVE. NO, OF CREW AVE.
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUONCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
T10A Visual measmts, ~ daxk adaptation
T13A " " = paripheral field
TiBA Auditory measmts. - absolute threshold
TI6A " " = pitch discrimination
T17A " * ~ temporal aculty
7344 Cognitive/complex perceptual - perceptual spd.
740A Cognitive/conceptual & thinking ebility
7524 Cognitive/memory - memery span
TEOA Fine psychomtr. - manipulative ability
T6BA " " - groag positioning
76BA " " - multl-limb ¢oord.
T70A " " ~ reaction time, simple
TT1A " n = reaction time, complex
584 DATA MANAGEMENT SYSTEM, BUSES & LINES 1: 12
5254 Data management
58 DATA MS, PLOT/PRINTER 1 0
438 Digita} records 1/dy 5.0 1.9
4B Analog records 1/dy 5.0 1.9
738 Lata storage Cc A 3.8
10 8
58A DATA MS, REMOTE CONTROL MODULE 7° 1
43A Digital records
754 Crew guidance
52BA Data, managament
598 DATA MS, REMOTE INSTRUMENTATION MODULE 42 3*
5254 Data management




TABLE I.3~4. EU 2 (Cont'd)

0g-1

DEDICATED LAB SHARED IAB
NQ. OF CREW AVE; NO. OF CREW AVE,”
EQUIP. . ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. |MIN/DAY WATTS
63B DISPLAY-KEYBOARD, PORTABLE 2 2
44A Analog records . c A C A
75A Crow guidance 30 min/dy 30.0 . 15 min/dy 15.0 _
30 60 15 60
64 ECG COUPLER 12 ' . 12
17B Monitor ECG - hardwire s 1.8 12.0 - - -
17F " " - backpack 30 min/wk 6.0 6.1 15 min/wk 3.0 0.1
422A Coriolis sickness susceptibility 2/wk 30.0 0.1 1/wik 18.0 0.1
424A Carotid body stimulation response 2/wk 11.0 0.1 - - -
19 12 21 0
65 EEG COUPLER 4 0
18B Monitor EEG - hardwire c 7.0 4,0
18F " " ~ haclpack 5 min/3dy 1.7 0.1
9 4
66 EMG CCUPLER 6 0
19B Monitor EMG - hardwire o 1.4 6.0
18F " " ~backpack 5 min/wk 1,0 0.1
2 6
132 OSCILLOSCOPE S 1 0
14B Bioelectric transducer installtn. 2/2 dy 19.0 0.7
10 1
13BA PHOTOCELLS 12% 6*
1A Light manitortng
138B PHOTOTRANSISTOR 12+ 6
71B Light monitoring
143G COUPLER-PRESSURE TRANSDUCER 4 ]
161A Artarial blood pressure . 278y 10.0 0.1
3224 Venous blood pressure : 2/wk 7.0 0.1
17 0

*Use is payload and/or experiment specific.




TE-1

TABLE L.3-4. EU 2 (Cont'd)

DEDICATED LAB SHARED LAB
NO. OF CREW AVE. NO. OF ~ | CREW AVE,
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIFMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
156 SIGNAL CONDITIONERS (COUPLERS) 35 24
21A Cardiae output ~ catheterized 2/wk 4.0 - - -
21B Cardiac output - ultrasonic flowmeter 1/wk 6.0 - - -
22A Temperature measmis. - thermocouples 10 min/wk 2,0 5 min/wk 1.0 -
22B Temperature measmis. - thertnisters 10 min/wk 2.0 5 min/wk 1.0 -
244 Water consumption - manifold flowmeter 30 min/wk A- - - -
24¢ " w - water digpenser 30 min/wk A - h -
B4A Noise monitoring C A c A
65D Plant activity 1 min/dy 1.0 1 min/dy 1.0
T0A Alr movement C A c A
TIA Light monitoring = photocells C A (o] A
1B n " - phototransigtors C . A € A
1644, Peripheral venous blood pressure 2/wk 8.0 - - -
16G6B Event monitoring C A - - -
213B Deep body temperature c A . -~ -
a1 63 2 42
w/ 60 C w/40 €
176 TAPE, VIDEO
32A Speaimen atatus observation 1o 20/dy 20.0 0 5 10/dy 19.0 0
85A Plant activity 1 min/dy 1.0 0 1 min/dy 1.0 0
66A Animal activity 1 min/dy A 0 1 min/dy A 0
169A TV monitoring routine & for data 1/5C A 0 1/5¢C A 0
1704 TV monitoring ad hoe - color 30 min/dy 30.0 0 - - -
50 0 11 1]
130 TIMER, EVENT 4 2
3104 Bieycle ergometer - fixed console 2/3 dy 57,7 0.1 - - -
310B " " - backpack - - - 2/wk 34.6 0.1
342A Plasma coagulation 3/wk 4.0 0.1 - - -
B20A Task completion times 10 min/dy 10.0 0.1 5 min/dy 5.0 0.1
72 0 40 1]
181D TRANSDUCER, PRESSURE 9 [}
664 Animal activity 1 min/dy A 0.1 1 min/dy A 0.1
Q 1 1
E.U. TOTAL 155/146 103/100
(155/146)




TABLE 1,3-5, DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS

E.U. 2 - DATA MANAGEMENT UNIT

EQUIPMENT ITEMS (E.U.#/E.I.#)
AND SIGNAL IDENTITY

Digital Plotter/Printer (2/58)

CRT Signal Voltage

Porteble Displey/Keyboard (2/63B
n-Cff Control
Alpha~numeric Digplay Commands
Oscillescope Signals
Keyboard Monitor

ECG Couplers (2/64)

Veltege Cutput of L Couplers
Voltege Cutput of 8 Couplers

EEG Couplers (2/65)

Voltage Sigeal (4 Couplers)

EMG Couplers (2/66

Voltage Signal {6 couplers)

Oscilloscope (2/132

On=0ff Control

se-1

Data Entry Control Switch
Sweep Speed Monitor
Gain Control

Voltage Signal

Couplers for Photocells (2/138BB)

Signal Voltage {12 Couplers)

Couplers for Pressure Transducers {2/143G)
8ignal Voltage {4)

Couplers (miscellsneous) (2/156)
Signel Voltage

SENSOR/SIGNAL CHARACTERISTICS PROCESSING
Bits |Sampling |Sampling Total Total
Signal | No. of por Duration | Raie per |Bit Rate, | Bits
Range Resgolution Typa | Chan. Sample | min/day | Chanpel BPS per Day COMMENTS
Q-5 v 0.03 ¥V Angl, 1 N.A. 10 N.A. N.A. N.A. Bardwire to wide band recorder
ot L :
applicable)
2 positions | 1 position Disc. 1 1 cont. 1/sec 1 86K
1-16 figuresj 1 Dig. 2 10 30 1/sec 20 36K
N.A. N.A. Anal. 2 N.A. 30 N NA NA Herdwire to wide band recorder.
0-Lo 1 Dig. 1 6 30 10/sec &0 2K
0-5 v 0.05 v Anal. Yy 7 cont. 500/ sec 1kk |1210M
0-5 v 0.05 V Anal. g 7 15 500/sec 28K |25.2m
0-5 v 0.05 v Anal. Y 7 5 500/ sec b |bo2M
05 vV’ 0.05 V Anal. & 7 5 50/ sec 23K | 6.3
2 positions | 1 position Dise. 1 2 cont. 1/sec 1 86K This oscilloscope is at the eage module
) location.
2 level 1 level Disc. 1 i 10 1/zee 1 X
1-8 1 Dig. 1 3 10 1/sec 3 2K
1-8 1 Dig. 1 3 10 2/sec 3 2K
D-5V 0.05 v Anal. 1 7 10 500/sec 3500 302K
0-5 V¥ 0.05 V Anal. 1z 7 cont. 1/sec 8l 7.26M
0-5 ¥ €.05 v Ansl. L 7 17 100/sec 26k | =28.6M
0-5 V 0.05 ¥ Anal. 35 7 21 100/aec ah, 5K 30.87M | Typical values are shown.
1,313M | TOTAL



TABLE 1.3-6. TYPICAL EQUIPMENT UNIT FUNCTIONAL INTERFACES

EU 2 - DATA MANAGEMENT UNIT

DESCRIPTION OF CRITI~
EU # FUNCTIONAL INTERFACE WITH EU 2 CALITY *
3 (Life Sciences Expt. Unit) Monitoring gas flow from gas 1
storage vessels.
5  (Biochemical/Blophysics Analysis Unit) Processing, signal 3

conditioning and analog-digital data handling of signals from
automated clinical analyzers. Analysis of data received from
gas chromatograph and mass spectrograph for trace gas
contaminant profiling. '

12 Analog-to-Digital conversion and handling of input signals to EEG, 3
EMG, and EKG couplers to pulse code modulated (PCM) form and
transmission to ground. Processing biotransducer signals (ac-
celerometer, plythesmograph) acquired from the electrophysiology
signal receiver and (1) display results on CRT, (2) add notation
(time, subject, date) to CRT display, and (3) store CRT display
on tape.

31 Processing of signals from metabolic analyzer by (1) extracting -3
data only from a representative time interval, (2) perform a pro-
grammed waveform analysis on the representative data, (3)
specify experiment parameters on CRT, and (4) provide experi-
ment design changes via light pen or alpha-numeric keyboard in-
puts. (Interfaces of 2 with EU 12 & 31 will be very similar. )

40/41/  Display of electrophysiology signals from vertebrate cage module 3
42 couplers with subsequent tape storage.

50/51 Handling and storage of incrementally acquired data from the 2
clinostat and make-break motor assembly for assessment of plant-
adaptation to rotation environment and zero-g.

: Plotting of diurnal activity (with subsequent A/D conversion and 1
70 transmission to ground) of invertebrates such as Drosophila.
91 Determination of crew performahce decrement utilizing the 3

maintenance/gross coordination test taskboard. Test conditions
are programmed by an interactive graphic display and alpha-
numeric keyboard. This keyboard also serves as the input
source for crew responses.

¥ ] = Minimal, 2= Nominal, 3 = Maximal
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TABLE I.3=-7. COST SUMMARY -
EQUIPMENT UNIT - 2 DATA MANAGEMENT UNIT

"QUIFMENT IDENTIFICATION | DEVELOPMENT SHARED SORTIE {7 DAYS) i DEDICATED SORTIE (7 DAYS) DEDICATED SBORTIE {30 DAYS) FOMMER-
’ Time Dav. Unit No, ‘Total Dev. Unit No. Total Dav, Unit No. Total CIAL
_ﬁn Tifle Tvpe. {¥rs) IJCnst $K | Cost 8K | Req. | Cost 3K [ Cost $K | Cost $K} Req. | Cost 3K || Cost $K | Cost $K | Reg. | Cost 3K | COSTS REMARKS
14| ANTERNAS, ASSORTED REDESIGN 1 c o 20 1 1 21 20 1 1 21
51 | COMPUTER, DIGITAL - - - - 1 - - - 1 - - - 1 - - SORTIE SYSTEM
56A] DATA MGT SYS BUSES - - - - 1 - - - 1 - - - 1 - - SORTIE SYSTEM
58 DATA MGT PLOT/PRINT REMFG 1 - 0 o] 100 38 1 138 100 38 1 138 3,800
58a| DATA MGT SYSTEM - - - - 1 - - - 1 - - - 1 - SORTIE SYSTEM
5BB| DATA MGT SYSTEM - - - - 3 - - - L - - - L - SORTIE SYSTEM
638 DISPLAY-FEYERD REMFG 2 50 30 2 110 50 30 2 110 50 30 2 110 3,000
g4 { ECG CCUPIR REPACK 1 5 1 1z 17 5 1 12 17 5 1 iz 17
65 EEG COUPLR REPACK 1 0 0 5 1 b 9 5 1 h 9
ab EMG COUPLR REPACK 1 o o] 5 1 & 11 5 1 3 11
132 | ©0SCILSCPE REMFG 2 o of 250 20 1| 170 150, 20 1 170 1,500
1384| PHOTOCELLS REPACK 1 1 6 13 7 1 12 19 7 1 12 19
138B| FHOTCTRANSISTOR{CPIR) REFATR 1 T 1 [ 13 7 I 12 16 7 1 12 19
143G| COUPLR-PRESS TRANSDUCR MINIMAL 1 0 o 5 1 L 9 5 1 L g
156 | s1omL conp couprr REMIG 2 15 3 2y By 15 3 35 120 15 3 35 120 3,000
176 | TAPE, VIDEO MINIMAL ° a Q 5 1 Q 0.2 10 2 0 0.2] 10 2
180 | 'TIMER, EVENT MINIMAL 1 2 1 - L 2 1 b4 4 2 1 2 4
1810| TRANSDUCER, PRESSURE MINTMAL 0 1 1 E 10 1 1 9 10 1 1 9 10
TOTAL COST ESTIMATE BT 167 2sk | 372 285 657 372 285 857
i




1.4 EQUIPMENT UNIT 3 - LIFE SCIENCES EXPERIMENT SUPPORT UNIT

I.4.1 FUNCTIONAL CAPABIIITY AND SUMMARY DATA. This unit is intended to pro-
vide centralized supporting and vehicle interface equipment for the life sciences payloads.
The summary of E.U. properties is given in Table I.4-1.

I.4.2 EQUIPMENT ITEMS. Major equipment includes crew mobility aids, crew re-
straints, gas storage vessels, and waste storage. The equipment is listed in Table

1.4-2 and its volume and placement is indicated in Table I.4-3.

1.4.3. OPERATIONS AND INTERFACES.

Equipment Operations Analysis - See Table I.4-4,

Data Requirements ~ See Table 1.4-5,

Consumables - The various gas storage vessels must be replaced between flights.
These vessels are all anticipated to be small, high pressure gas storage bottles.

Electrical Power - Electrical power demands for this E.U. are small and are
expected to be totally 28 v. d.c. Peak power demands were estimated and are shown
in Table I.4-1.

Heat Rejection - Heat rejection loads corresponding to on-duty power require-
ments are:

Shared Lab 20 w, (68 Btu/hr)
Dedicated 7-Day Lab 65 W (222 Btu/hr)
Dedicated 30-Day Lab 65 W, (222 Btu/hr) .

No low temperature cooling is required, and the loads will probably be dissipated to
the cabin air,

Typical Equipment Unit Functional Interfaces - See Table I.4-6.

I.4.4. EQUIPMENT ITEM COST SUMMARY - See Table I.4-7.
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TABLE I.4~1. E.U. 3, LIFE SCIENCES EXPERIMENT UNIT ~

SUMMARY OF PROPERTIES

*12 Hours

Shared Dedicated Dedicated
Property 7-Day Lab | 7-Day Lab 30-Day Lab
Number of Racks & Consoles 0 0 0
Volume, dnf’ (ff), Total 237 (8.4) 324 (11.4) | 472 (16.7)
0 0 0

REleS- & Consoles 037 394 473

Distributed & Exira Items

Small Storage Items (Misc.) 0 0 0

Fixed Weight, kg (Ib) 157 (345) 195 (430) | 255 (561)
Electrical Power, w
On Duty* Average Power, Total 20 65 65
_Estimated d.ec. 20 65 65
Estimated a.c. 0 0 0

Off-Duty* Average Power, Total 20 64 64
Estimated d.c. 20 64 64
Estimated a.c. 0 0 0

Estimated On-Duty Peak Power 50 90 90

Heat Rejection, W,

On Duty Load, Total 20 65 85
Estimated Air Cooled Load 20- 65 65
Estimated Cold Plated Load 0 0 0

Off Duty Load, Total 20 64 64
Estimated Air Cooled Load 20 64 64
Estimated Cold Plated Load 0 0 0

Development Cost, $K 431 652 652
Unit Cost, $K 101 155 207
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PABLE I.4-2 EQUIPMENT ITEMS {FIs) CONTAINED IN EQUTEFMENT UNIT #3

LIFE SCIENCES EXPERIMENT SUPPORT UNIT

T - Y
- ﬁNo. of
i Units Coat
'Reqd.’ti Unt | Unit | Udit | Develop.
E.I. Shared, | Welght | Pwr*** anumg (Unit)*+
E.I Namé No.* Ded, ke {b.) | watts |amd ()| $K Comments
Accelerometer 'l 5 0.1 Q 0,03 1 Atteched to organism holding units to indicale
| 7 (0.2) (c.ooL)| (1) . activity level, and eleo used for general
(0.7) acceleration measurements.
hccelerometer Coupler | 1A 5 0.9 10 0,03 20 Coupler for BI #1, See E. I. 156, E.U. 2 for
| T (2.0) (o.000)| (23 definition sheet,
Crew Mobility Alds 554 24 2.3 o 2.8 50 Aide such as handrails, tethers and special
i 7 (5.0) (0.1) (L) shoe devices, Leboratory specifie. Values
! shown are aversge estimates.
Crew Restraints i 558 2k 2.3 o] 2.8 50 Restraints such es leg rells, mid-torso belta
! 27 (5.0) (0.1} (1) and apeciel shoe devices. Leborstory specifie.
! Valuss shown are mverage estimates.
!
Flowze ter, water mani=- " T6F 4] 0,2 [} 1.4 1 For in-line measurement of water flow, generally
fold " (0.4) {0.05) | (1) of low rate assoclated with water consumption
by orgenisms, FFE specific.
|
Flovmeter Coupler | teE| Q 0.05 1 1.0 20 Signal conditicner for E.I. 76 F. Oee E. I.
' '8 (0.1} {o.036} (2} 156, B,U. 2, for definiticn sheet.
Flowneter, Gas { 76 2 0.2 2 0.08 10 Generally for alr flow reasurement, FFE specific.
| 6 (0.4} (0.002) (1}
I
Gas Supplies Q3 8 2.3 o] 5.7 200 Yarious gas storage vessels, for chromstograph
16 (5} (0.2) (2) , | operation, vlochemical analyses, anesthesia, &
(32) (0.5)" | sterilization. be, H,, Air, C0,, O, ETO.
Payload specific,
Values shown are estimeted aversge lfcma.
Receiver i 1500 © 2.3 20 1k 200- Radle Receiver, for monitoring transmitted
E 1 (5) (0.5) (10_?_ blologleal masurements, electromagnetic beck-
i (1) ground noise, etc.
Wegte .Storage Device i 1874 1 22.7 [¢] s7 100 For experiment waste materials, chemicels, etec.
, 1 (50) (2.0) | (20)
! (2)

* EI No. in parentheses in thls column indicatos that the 1tem 15 needed only for the dedioated 30-day miaaion.

ok

Number of units {EI5) required in shared laboratory 18 given by tha upper mumber, and the rumber required in the dodicated

laboratorles Is shown by the lower mimbers. Paventheses indlcats the pumber required for the 30-day laboratory fonly if it 18
different from the number required for the dedicated 7-day laboratory}.

*hk

Average power while equipment 18 operating.

+ Tha top mmber (unparenthesized) ie development oost. The parenthesized numbers are unit costs, and a plus () indicates a
unit eost value for a commercially avalleble item intended for ground use.
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TABLE I.4-3. EQUIPMENT VOLUME AND PLACEMENT -~

SHARED AND DEDICATED LABORATORIES

E.U, 3 - Life Sciences Experiment Unit
(No Rack or Console Required)

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS

Volume, dm3
Shared Dedicated Labs
E.I. Number & Name 7-Day Lab 7-Day 30-Day
1  Accelerometers negl. negl, negl,
1A Accelerometer Couplers negl. negl. negl,
55A Crew Mobility Aids 67 76 76
76F Water Flowmeters 67 76 76
76H Flowmeter Couplers 0 4 4
76J Gas Flowmeters negl, negl. negl,
93A (as Storage Vessels 46 91 182
150D Radio Receivers 0 14 14
187A Waste Storage 57 57 114
TOTALS 237 324 472

SMALL STORAGE EQUIPMENT ITEMS

{Can be stored in miscellaneous small

storage areas)

E.I. Number & Name

Vol.
dm3

None
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EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automafic function

designates payload or experiment specific

high use frequency by crew

bracket data is for the 30-Day Dedicated Laboratory only
included in EI 32A

part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same as No. 2 above

o G~ 4 ¥ Y
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TABLE 1.4-4. EQUIPMENT OPERATIONS ANALYSIS -~ EQUIPMENT UNIT 3. LIFE SCIENCES EXPERIMENT SUPPORT UNIT

DEDICATED LAB SHARED LAB
NG, OF CREW AVE, NO. OF ~ | CREW. AVE,
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MIN/DAY | WATTS REQ'D FREQ. | MIN/DAY WATTS
1 ACCELEROMETER (ACTIVITY) 7 5 ‘
61A Vibration monitoring C ‘A 0 ¢ A 0
62A Acceleration monitoring C A <] [} A Q
B23C Crew body motion measurements 60 min/dy 0.0 0 30 min/dy 30.0 0
60 2 30 0
1A ACCELEROMETER COUPLER T 53
GlA Vibration monitoring C A 20 c A 10
824 Aoceleration monitoring C A 20 [o] A 10
823C Crew bedy motion measurements 60 min/dy 60.0 0.8 30 min/dy 30.0 0.4
80 41 3 20
554, CREW MOBILITY AIDS 27+ 24%
81B Blopampling
129H Crew mobility/transfer
128H Materials transfor
2228 Vertebrate experiment initiation
223B Plant " "
224B Invertebrate " "
2256B Cells and tissue "
8404 Max mass transportable - BS
8403 n " 1" - m
8414 " volume " - 88
8413 11" " 1r - m
842A ' MOI " - 88
BQB 1t LH ” - m
558 CREW RESTRAINTS 27* 24%

201L Crew restraint
520A Pressure duit donning & dofiing

B43A Max mass alignable ~ B3
3433 " H " - PS
844A " volume " - 88
S‘HB tr 1" " - PS
B45A " MOI f -

8458 t n " - P8

*Payload and/or experiment specific.
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TABLE I.4~4. EU3 {cont'd)

DEDICATED LAB SHARED LAB
NO. OF CREW AVE! NO. OF CREW AVE.’
EQUIP. ITEMS FUNCT. TIME, POWER, TTEMS FUNCT. TIME, POWER,
ITEM EQUIPMENRT NAME AND USING FUNCTION REQ'D . FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
76F FLOWMETER - WATER MANIFOLD 4 1]
24A Water consumption 30 min/wk A o0
o [
T6H FLOWMETER COUPLER - WATER MANIFOLD 4 [}
244 Water consumption 30 min/wk A 4=
4214 Water consumnption for man 1/dy 5.0 t
5 4
76y FLOWMETER - GAS 6 2
4014 Alveolar ventflation 4/wk 0.8 0.1 2/wk 0.4 0.1
.1 0 : 0 0
93A GAS SUPPLY, ASSORTED 16 } 8
BlA Trace gas analysis - hydroearbons (32) 15 min/dy A 0 - - -
52B Trace gas analysis - inorganica 10 min/wk A 0 - - -
594 Atmospheric ethylens monitoring 1/4 C A ] 1/4 ¢ 0
84A Organiem subculturing - cell & tis. 8/dy 19.0 0 - - -
97A Experiment wagte management 10 min/dy 10.0 0 10 min/dy 10.0 0
1694 Anegthesiology - invertsbrates 5 bottlen/dy| 15.0 0 2 bottles/dy] 6.0 ¢
3138 Atmospheric monitor calibration 10 min/wk 2.0 0 10 min/wk 2.0 0
BO1A Analysia of gas mixtures 5 min/dy _A o 3 min/dy _A 0
46 0 18 0
150D RECEIVERS DC-5MHZ 1 ¢
468A Electromagnetic field monitoring C A 20
0 20
187 WASTE MANAGEMENT SYSTEM 1* 1*
82A Work bench cleanup 2)
B4A Organism subculturing - cells & tis.
96A Radiochem. waste mgmt.
EU TOTAL 65./64 20/20
{65/64)




TABLE L 4-5. DEDICATED 7-DAY LABORATORY BAMPLED DATA REQUIREMENTS
E.U. 3 -~ LIFE SCIENCES EXPERIMENT UNIT .

g1

SENSOR/SIGFAL CHARACTERISTICS PROCESSING
Bits |Sampling {Sampling Total Total
EQUIPMENT TTEMS (E.U.#/E.L#) Signal | No. of per |Duration | Rate per |(BitRate, | Bits
_AND SIGNAL IDENTITY, Range Resohition Type | Chan, Sample | min/day | Channel BPS per Day COMMENTS
Accelercmeter foupler (3/14)
Voltage Cutput of h Couplers 05 V 0.05 ¥ Anal. 4 7 &0 500 14K 50.LkM
Voltage Qutput of 3 Couplers -5 v Q.05 v Anel. 3 7 cont. 500/sec 10.5K 1 907.2M
Flowmeter Coupler (3/76H)
Voltage Output 0-5 Vv 0.05 V Anal, L 7 ont. 1/min negl, | WK
Gas Storage Vessels (3/934)
Gas Pressure Sensors 0-3 ¥ 0.05 V Anal. 16 7 cont. 1/min. 2 161K
957.80M | TOTAL
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TABLE 1.4-6. . TYPICAL EQUIPMENT UNIT FUNCTIONAL INTERFACES
E.U. 3 - LIFE SCIENCES EXPERIMENT UNIT

EU # DESCRIPTION OF FUNCTIONAL INTERFACES WITH EU 3 C(iRITIT’I{;’*
2 Monitoring gas flow from gas storage vessels. 1
4 Crew mobility and restraint aids for use during preparation and preservation tasks. 3
5 Gas chromatograph calibration for quantitative measurement of gases within cage modules. 2
6 Transfer of waste and clean-up materials to the waste storage device. 3
7 Storage of gas cylinders and crew restraints. 1

11 Use of crew restraints and mobility aids in conducting EVA and Maintenance Task Simulator 2

operations.

12 Accelerometer measurements during Rotating Litter Chair Operations. 2

40/41 Determination of water consumption in vertebrate cage module. 2

50 Air flow rate measurements into plant holding module. Acéeleration measurements during 2

clinostat operation.

70 Flow metering of airflow into and out of the invertebrate cage module. 1

*®

1= Minimal, 2= Nominal, 3= Maximal
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TABLE L 4-7. COST SUMMARY ~
EQUIFMENT UNTT - 3 IIFE SCIENCE EXP. SUPFORT UNIT
‘r_rfmmmxmmmn . DEVELOPMENT SHARED SORTIE (7 DAYS) = h DEDICATED SORTIE (7 DAYS) T DEDICATED SORTIE (30 DAYE]  [COMMER-
Time Dev, Unit No. Total Dev. Unit No. ‘Total Dev, Unit No. Total CIAL
Lm, Title Type vra) Jcost $X | Cost $K | Req, | Cost $K [ Cost $K | Cost $K| Req. | Cost $K || Cost $K | Cost $K | Req. | Cost 8K || COSTS REMARKS
1 | ACCELEROMTR ACTIVITY MINIMAL e 1 1 5 & 1 1 T 8 1 1 7 8 700,00
1A | ACCEIERCMTE CCUPLR REMFG 3 20 2 5 30 20 2 7 3k 50 2 7 34
55A | CREW MOBILITY AIDS MINIMAL 1 50 1 ol h 50 1 27 7 50 1 27 77
55B | CREW RESTRAIRTS MINIMA L 1 50 1 2k h 50 3 27 77 50 1 27 7
T76F | FIOWMETER, WATER MANFLD MINIMAL 0 [s] 1 1 4 5 1 1 y 5
T6H | FLOWMETER COUPLER . REMGF 3 Q 20 2 L |- 28 20 2 L 28
763 | FLOWMBIER - GAS MINTMAL 1 10 1 2 12 10 1 6 16 10 1 6 16
934 | GAS SUPPLY, ASSORTD U U 200 2 8 216 || 200 2 16 | 232 200 2 32 264 500.00
1505 | receivers de-SMHZ REDESIGN 3 o | =200 10 1 | 2w 200 10 1 210
187A { WASTE STCRAGE - DEVICE REMFG 1 100 20 1 120 || 100 20 1 | w0 100 20 2 1ho
TOTAL COST ESTIMATE L31 101 532 f 652 155 807 652 207 859




1.5 EQUIPMENT UNIT 4 ~ PREPARATION AND PRESERVATION UNIT

I.5.1 FUNCTIONAL CAPABILITY AND SUMMARY DATA. This equipment unit pro=-
vides the capability for the preparation and preservation of biological specimens and
whole organisms. Preparation encompasses all the operations necessary for (1) ob-
taining and preparing specimens for on-board analysis (often by means of equipment
within the Biochemical/Biophysics Analysis Unit), and (2) preparing specimens or
organisms for preservation and return to ground. This includes such operations as
autopsies, dissections, centrifugation, anesthetization, staining, substrate prepara-
tion, sterilization, etc. Preservation operations include freezing, lyophilization,
fixation, ete.

A summary of properties for this equipment unit are shown in Table I1.5-1,

1.5.2. EQUIPMENT ITEMS. Major equipment items include the laminar flow bench,
centrifuges, refrigerators, freezers, various kits, and mass measurement devices.
The detailed equipment list is given in Table I.5-2, equipment volume and placement
in racks and consoles are shown in Figures I.5-1, 1.5-2, and L. 5-3. The shared and
dedicated 7-day laboratories require one rack and one console, whereas the dedicated
30~day laboratory requires 2 racks and one console. The extra rack is required pri-
marily because of the refrigerated high-speed centrifuge and low~temperature freezer
aboard the 30-day mission. The largest equipment item external to the racks and
consoles for all laboratories is the mobile laminar flow bench.

1.5.3 OPERATIONS AND INTERFACES.

Equipment Operations Analysis - See Table I.5-3.

Data Requirements - See Table I.5-4.

Consumables - Consumables in this E.U, include anesthetizer gas bottles,
laminar flow bench liners, chemicals, ion exchange columns, kit materials, millipore
filters, and liquid No. All the above materials are relatively inert in their storage
form except for the eryogenic N3, which may have fo be loaded aboard the laboratories
several hours before launch. This Ng would be continuously venting at an estimated
rate of 0.8 1b/day.

Launch and Re~entry Operations - I. is anticipated that hone of the equipment.
within this E.U. needs to be operating during launch (except for the cryogenic freezer,
see above), The other refrigerators, freezers, purge system, etc., can be activated
along with the activation of the laboratory in orbit. It may prove advaniageous and/or
necessary to operate the refrigerators and freezers during launch operations prior to
lift-off in order to maintain their contents at proper storage temperatures. Pre-
cooling this equipment would also reduce the energy requirements for its activation
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in orbit. However, during ascent and descent, it is anticipated that this equipment can
be turned off if necessary. The thermal capacity and insulationof this equipment is
expected to hold satisfactorily low temperatures during these relatively short phases
of the mission.

Electrical Power - The major continuous power consumers in this E.U. are re-
frigerators and freezers. Large on-duty power consumers include the laminar flow
bench, high-speed centrifuge, vacuum cleaner, electronic hematocrit, catalytic oxidlzer,
and temperature blocks. Peak pover for this E.U. was estimated to be approximately
twice the on~duty average power, see Table I.5-1. Most of the equipment could be made
to utilize 28 v, d.c.

Heat Rejection - Heat loads corresponding to the average on—-duty power con-
sumption are:

Shared Lab 267 w ¢
Dedicated 7-Day Lab 277 w £
Dedicated 30-Day Lab 541 LA

The largest single heat load for all laboratories results from the three temperature
blocks (150 w¢). These are used only during the on-duty period and were assumed to
be enclosed in an insulated cold plated cabinet using the Sortie coolant at 296-310°K

(73 to 99°F). The other major heat loads are from the freezers and refrigerators, but
the exact way in which these will be cooled will depend upon their ultimate design which
has not been determined. The use of low temperature coolant for the freezers and re-
frigerators would decrease the power required for these devices, but the necessary low
temperature coolant may not be readily available from the Sortie Module heat rejection
system. If not, the heat could either be rejected to the cabin air or to the 296-310°K
(73-990F) liquid coolant. The largest load of 250 w; from the low temperature freezer
. was assumed to be cold plated. The others were assumed to reject heat directly to

the cabin air.

In general (assuming that 0-g compatible vapor-compression refrigeration systems

are used for the freezers and refrigerators), the amount of heat rejected from the
refrigeration units will exceed the electrical power input to the units. The exact
quantities and directions of these heat flows will depend upon the ultimate design of

the freezers and refrigerators. For example, the heat leaking into the cold boxes from
the cabin may be pumped out of the refrigeration unit condenser back into the cabin or
into the liquid coolant loop. These heat flows were assumed negligible in this study
because of its preliminary nature.

Typical Equipment Unit Functional Interfaces - See Table I.5-5.

1.5.4 EQUIPMENT ITEM COST SUMMARY - See Table I.5-6. - X
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TABLE I.5-1. E.U. 4, PREPARATION AND PRESERVATION UNIT -
SUMMARY OF PROPERTIES

*12 Hours

Shared Dedicated Dedicated
Property - 7-Day Lab | 7-Day Lab |30-Day Lab
Number of Racks & Consoles 2 2 3
Volume, dnf (f°), Total 2064 (72.9) |2087 (73.0) {2819 (99.5)
Racks & Consoles 1488 1488 2232
Distributed & Extra Ifems 576 579 587
Small Storage Items (Misc.) 0 0 0
Fixed Weight, kg (Ib) 316 (696) 360 (792) 533 (1173)
Electrical Power, w
On Duty* Average Power, Total 2517 217 541
Estimated d.ec. 267 277 541
Estimated a.c. 0 0 0
Off-Duty* Average Power, Total 85 85 335
Estimated d.c. 85 85 335
Estimated =a.c. 0 0 0
Estimated On-Duty Peak Power 500 600 1000
Heat Rejection, Wt
On Duty Load, Total 257 277 541
Estimated Air Cooled Load 107 127 - 141
Estimated Cold Plated Load 150 150 400
Off Duty Load, Total 85 85 335
Estimated Air Cooled Load - 85 85 85
Estimated Cold Plated Load 0 0 250
Development Cost, $K 5152 6245. 6670
Unit Cost, $K 233 319 484
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TARLE I.5-2 BQUIPMENT ITEMS (EIs) CONTAINED IN EQULPMENT UNIT # 4

PREPARATION AND PRESERVATION UNIT

{No. of
i Units Cost
'Hogd.j*| Umit | Unit | Unit | Develop.
E.I. Shared, | Weight | Pwrr¥| Volums |  (Unit)*
E.L Name No.* Ded. kg (b.y | watts |am®@t)| $K Comments
Anesthetizer, "1k | 2 0.9 o] 1.4 35 For invertebrates such as gnats. Use CO
Invertebrates ; L {2) (0.05) | (3) bottie, welves, etc. Payload specifie, Enit
Lo{1e) valuez of w., power, and volume are indicated.
i
Bench, Laminer Flow lia 1 1 o1 100 460 2000 Sealed porteble glove box with laminer air flow
i 1 (200) {15.25)| (25) to aseist in performing zerco-g bilogical and
: (1.6)* | surgical procedures.
Bench Liners, LFB 188 10 0.0 0 5.66 100 Laminar Flow Bench Liners, Disposeble for E.I,
o | (=) (o.2). | (1) . 18
E (40) . (0.5)
Bench Insert, LFB, 5183 1 22,7 ] 56.6 - Insert for E.I. 18 4o provide for handling
f 1 (50) (2.0) (6} radiolsotopes. Development cost included under
| E. I, 1BA. :
Centrifuge, Refrig., {L1) (1) 68.2 70 255 175 For peparations in support of medical and
Hi Bpeed : {150) (9.0) {25} biological research, b0,000 g's.
l (3.1
Centrifuge, miero | b2 1 8.2 25 13.3 75 For centrifugetion of smell semples,
i 1 {18) (0.47) ] (5)
| (0.2)
Chemicals ULl 1 4.5 Q 7.1 100 Miscellaneous and premeasured quantities.
1 (10} (o.25} | (10 Lsboratory specific. Estimates quantities
. (3) (1} for a T-day mission are indicated.
Chemicals, Radiomctive | Lha 1 4,5 0 7.2 - Premeasured quantities. Estimated welght and
! 1 {10) {0.25) | (10) volume sre for a T-day mission, Development
: (3) ay cost inciuded in E.I. Lk, ’
| ) .
(leaner, Vacuum 148 1 13.6 100 56.6 200 For general purpose use.
! 5 (30} (2.} {50)
; (.3}t
. ]
Delonizer : 636 o] 6.8 4] 4.2 100 For water purification, Ion exchange columns.
g 1| as) (5) | o5,
; (.2)
Electrophoresis (70) {1} | 9.0 85 25.5 50 For separation of serum components.
Apparatus (20) (0.9) (5) .
(0.9
Freegzer, Cryogenic 778 o 22.7 0 36.8 500 For freezing blologicel specimens. Includes
1 (50} (1.3) | (25) | 1N, at 0.8 1b/aay.
(2) (2.%)
Freezer, General 80 1 28.7 TQ 158 50 General Purpose, for storage of eerum, specle
1 {50) (7.0) () . | menss ete. Approx. b £t of storage, -20°C,
(.2)
Freezer, Low Temp. (81) (1) | 22.7 250 113 200 For specliel items requiring low temp, -fo°c,
(50) (b0} | o(aod 1 £43 atorage.
(r.7*
Frig. 83 1 9.1 15 56,6 50 Refrigerator. 4°C. Approx. 1 £t storege.
1 {20} (2.0) | (5)
{.2)*

* EINo, in parentheses in this column indloates that the item is needed only for the dedioated 30-day mission,

*+ Number of units (EIs) required in shared Iaboratory 18 given by the upper mumber, and the mimher required in the dedleated
Jaboratories 15 shown by the lower mimbers. Parenthesas indlcate the number requived for the 90-day laboratory (only if it is
different from the mimber required for the dadicated 7-day laboratory).

**%  Average power while equipment 1a8 operating.
+ The top mumber mparentheaized) i8 dovelopment cost. The parenthesized numbers are unit costs, and a plus (+) indlcates a
undt cost value for a commerdially available item intendsd for ground use.
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TABLE I.5-2 EQUIFMENT ITEMS {(ETs) CONTATWED IN BQUIEMENT UNIT # 4 (cont.)

PREPARATICN AND PRESERVATION UNIT

i I iNo, of
| Units Cost
Reqd,f*| Unit Unit Unit Develop.
E.l. Shared,| Weight| Pwrk#s v°}a“m§ (undt)t
E.I. Name No.* Ded. |kg (Ib.) | watts [dm”{ft'} $K Commants
Frig,, Radio. Chem. ;ah o - - - - Regrigerator, for radioisotope storage.
| P 4oQ, Tse part of E.I. 83. :
Hemotoerit, Electronic !9"{A ; Q 2.3 10 2,8 ko For meesuring red blood cell volume
, 1 (5) (0.1) {5) . electronically.
: (.3}
Xit, Bench Chemical 105 1 18.2 a 113 10
Analysis ' |1 (40) {4.0) (10)+
. (.3)
3
Kit, Hematology F106 1 4,5 8] 1h.2 7 For varlous blocd anslysis procedures,
i 1 (10) (0.5) | (1) Capillary tubes, sbain, labstlx, ete.
{.1)* '
Kit, Histclogy 108 1 5.7 25 h2,5 20 Fixatives, forceps, slides, operating
‘ 1 (12.5) (1.5) (3) . sciscors, plastic begs, ete,
} (.2)
|
Kit, Microbiclogy ;uo 1 2 V] 28.3 4o Syringes, loops, viale, slantsz, ete,
| 1 (53 Loy | (5)
i (.1)
Kit, microdisection jllL}A 1 4.5 0 28.3 4o TForceps, knife holder, retractors, scisscrs,
1 (10} (x.c) | (5) ete.
(.t
Lyophilizer {Space [ 118 1 go.7 300 1h2 200 Preeze drier, with about 0.1 ft3 freeze
Vacuum}) ; 1 {50) {5.0} {20) chamber. Uses space vacuwn,
: {1.4)*
| .
Mass Meegurement Dev:lce,l 121 1 13.6 30 1ke 20 0.1 to 30 kg range. Skyleb unit may be uzdble,
Macro, 1 {30) {5.0) (ro)
: : (c.a)*
;
Mass Memsurement . 122 1 k.5 15 1k,2 2000 1 mg. to 100 g. range, New development {tem.
Device, Micro ; 1 (10) (0.5} | (=0}
’ : (1.0)
Microscope, Directing 1264, 1 9.1 63 28,3 10 TX to 25X magnificeticn,
1 {20) (o) | (53 |
(0.9}
Millipore Filter 128 4] 0.9 o] 2.8 3 For liguid and ges purification snd steriliza=-
1 (2) (0,1) | (1) tion,
l (0’
Purge System 143D 1 34,1 100 113 100 Catelytice Oxldizer, for oxidizing gaseous
1 (75) (4.0) {20) cortaminants in enclosures such as a glove box.
{2)+ Payloed and layout sensitive, Wt., pow,, and
vol, shown are estimates for Sortie mission.
Staining Systems, 159 0 6.8 - 50 yz.5 hoo Simller to Wrights staining apparatus.
1 (14) (1.5) | (20) :
(1.7}
Temperpture Block 179 3 3.4 100 4.3 5 To maintain vials or test tubes at constant
3 (7.5) (0,15) | (1) temperature, 12 tubes per block, several blocks
I ] - (0.1)" | for vericus tempa.
Volumetric Meas., 188 0 2.3 0 14.2 50 Ligaid Volume Measuring System. Conceptual design
Liguid 1 (5) {0.5) {59 item.

# EI No. in parcntheses in this column indcates that the item ie nseded only for the dedicated 80-day mission,

#*  Number of units (EIs) required in shared laboratory Is glven by the upper number, and the number required in the dedieated
iaboratories ie shown by the lower numbers, Parenthesas indicate the number required for tho 30-day laboratory {only if it 18
different from the mumber required for the dedicated T-day laboratory).

*k Average power while squipment is operating.
+ Ths top mumber (mparenthesized) is development cost. The parenthesized mumbers ave unit costs, and a plua (+) indoatea a
unit cost value for a commercially available item fntended for ground use.
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EQUIPMENT ITEMS IN RACK & CONSOLE

Vol. |
E.I. Number & Name dm?
In Rack
184 LFB Liners 56,6
188 LPFB Radiation Insert 56.6
48 Vacuum Cleaner 56.8
B0 Freezer 198, 0
83 Refrigerator 56,8
108 Histology Kit 42,5
118 Lyophilizer 142
Total 608. 9
Excess Volume
Allowance 135
In Top of Consocle
121 Mass Meag,, Mlero 142
122 Mass Meas,, Micro 14,2
126A Digsecting
Microscope 28.3
179 Temp. Block 4.3
Total 188.8B
Exceas Volume
Allowance 101
In Bottom of Console
42 Centrifuge 18,8
105 Chem. Anal, Kit 113
106 Hematolopy Kit 14.2
110 Micro, Kit 28,3
114A __ Mlerodiseect Kit 28,3
Total 197.1
Excess Volume
Allowance 86

FIGURE I.5-1 EQUIPMENT VOLUME AND PLACEMENT

Shared Laboratory

E.U,4 Preparation and Presexrvation Unit

RACK (0.81 m deep)

CONSOLE (0. 61 m dee

7/,

Excess
Excess
/ 1264
1
/// 174 2
108 B3 2.0m
121
118
WOIK AREA
0,148 my
WORK SURFACE \
80 —1I
b
42 106 110
114A
0. 76 1y
18A 105
188 i 7777

yd ffm;s/ /

jl———— 0.61 m———pfbe—— 0. 6l Mm ———

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS
{Not in Hack or Consola)

Vol.
E.I. Number & Name dm?
14  Anesthetizer (2) 2.8
18 Laminer Flow Bench 460, 0
44 Chemicals (in Chemical Storage 0
Cabinet, E,U. 7, EL 45)
44A Radio. Chemicals (in Chemical 0
Btorage Cabinet, E.1U.7, E.I. 45)
143D Cataiyviic Qxidizer 113, 0
Total 575, 8
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EQUIPMENT ITEMS [N RACK & CONSOLE

’ Vol. |
E.I, Number & Name dm®
In Rack
184  LFB Liners 56,6
18B LFB Radiation Insert 56,8
48 Vacuum Cleaner 56.6
80 Freezer 188
83 Refrigerator 56.6
118 Lyophilizer 142
121 Mass Meaa,, Micro 142
Total 708, 4

Excess Volume
Allowance 36

In Top_of Console
3G  Deionizer 14.2

108 Higtology Kit 42,5
1144  Microdissection Kit 28,3
122 Maas Meas,, Micro 14,2
1264  Dissection Microscope 28.3

128 Filter Apparatas 2.8
159 Staining System 42,5
*179 Temp. Blocks 13.2
186 Lig. Vol, Meas. 14,2
Total 200.2
Excess Volume
Allowable 90
In Bottom of Conscle

42 Centrifuge 18,2
7782  Cryo, Freezex 36.8
97A  Hematoerit, Electronic 2.8
105 Chermn, Anal, Kit 113.0
106 Hematolopy Kit 14,2
110 Microbiology Kit 28,3
Total 208.3

Excesd Volume
Alloweble 75

FIGURE 1,5-2 EQUIPMENT VOLUME AND PLACEMENT
Dedicated 7-Day Laboratory

E.U.4 Preparation and Preservation Unit

RACK {0.61 m deep) CONSOLE (0. 61 m deep)

777
Excess
121 // 4 1144
/ 108 1264
/ 83 2.0m
653G
Exce7 122 128
/ / /] 159
186 179
118
WORK AREA
0, 4 m|
WORK SURFACE i
80 2 974 ]
77B 106
110
© | 0.76m
184 /
106
188 48 /
Exceas
/S S A
- 0.61m 0.61lm — g

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS

(Not In Rack or Consoln)

Vol.
E.1. Number & Name dm?
14  Anesthetizer (4) 5.8
18 Laminar Flow Bench (LFB} 460
44  Chemicals (in Chemical Storage
Cabinet, E,U,7, E.I, 45) 0
44A Radio. Chemlcals (in Chem,
Storage Cabinet, E.U.7, E.I. 45) o
143D Catalytic Oxidizer 118
Total 578.6
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FIGURE 1.5-3 EQUIPMENT VOLUME AND PLACEMENT
Extra Equipment for Dedicated 30-Day Laboratory*

E,U,4 Preparation and Preservation Unit

EQUIPMENT ITEMS I RACK HACK (0.01 m oo DISTRIBUTED OR EXTRA EQUIPMENT [TEMS
. oK (0. 01 m duop) e (Not in Rack or Conuole)

: Yol. .
E.l. Numbor & Name : dm? val,

E.l, Number & Name dnmd

184 LFB Liners 169.8

11 Refrig. Hi Speed Centrifuge 265.0 T 18A

70 Electrophoresia Apparatus 25.5 14 Aneathetizer 8.4
44 Chemicals {in Chem, Storage

a1 Lo Temp, Freezer 113.0 Cabinet. E.U.7, E.I, 45 0

‘ Total 663.3 abinet, E.U. 7, E.I, 45)

444  Radio. Chemicals (in Chem,

|
Excess V:?f::mce 181 Storage Cabinet, EX, 7
E.I. 45) Q

Total B.4
Excess
// 2.0m
/ 70 '
81
*Other equipment requized L8 identical to that in the
Dedicated 7-Day Laboratory
41

fea—— 0.61m ——



EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatic function

designates payload or experiment specific

high use frequency by crew

bracket data is for the 30-Day Dedicated Laboratory only
included in EI 32A

part of the Sortie Module Data Management Subsystem
not used for coded information

part of organism ECS

same as No. 2 above

D o WM O
S
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TABLE I.5-3. EQUIFMENT OPERATIONS ANALYSES - EQUIPMENT UNIT 4. PREPARATION, PRESERVATION AND RETRIEVAL UNIT

DEDICATED LAB _SHARED LAB
KO. OF CREW AVE. NO. OF CREW AVE.
EQUIF. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MIN/DAY WATTS REQ'D FREQ. [MIN/DAY WATTS
14 ANESTHETZR (INVERT HANDLING) 4 1
78A Invertsbrats counting & sorting {10} 15 min/dy 15.0 (1] 5 min/dy 5.0 0
15 [ 8 0
13 BENCH, LAM FLO 1 1
6A Urine management 1/wk 4.0 0.6 1/wilc 4.0 0.6
9B Feces management 1/wk 4.0 0.8 1/wk 4.0 0.6
318 Biosampling 8/dy 30.0 4,3 3/dy 15,0 2.1
78A Invertehrate counting & sorting 15 min/dy 15.0 2.1 5 min/dy 5.0 0.7
91B Plant radiochemistries - - - 2/wk 8.0 1.1
928 Vartebrate radiochemistries 4/wk 16.0 2.2 2/wk 8.0 1.1
938 Invertebrate radiochemisiries " " " " il i
MB Cell & Tissue radiochemistriea " " " " n "
1244 Crew/organism fsolation 1/4 hrs 9.0 1.3 1/dy 3.0 0.4
1254 Crew/chemical isolation . " " u " "
353A Culture/sensitivity 1/wk 1.0 6.1 - - -
108 17 66 9
18A BENCH LINERS, LFB 10 10
83C Workbench sterilization (40) 4/dy 20.0 0 2/dy 10.0 K
20 0 10 0
18B BENCH INSERT LFB, RADIOC 1 1
96C Radio isotope methodology 15 min/wik 4.0 0 10 min/wk 2.0 0
3 0 2 e
41 CENTRIFUGE, FRIG HI 5PD 0 0
33A Blood preparation 1) ( 4fdy) (25.0 ) (2.4 )
340 Blood electrolytes { lo/wk) ( 4.6 ) (0.4 )
360 Blood total protein { 5/wk ) ( 2.8 ) (0.2 )
1498 Urine analysis { 1/wk) ( 4.0) (0.4 )
185C Cytochemical staining - plants ( 8/wk ) ( 3.8) (0.4 )
186C " 11 - animal ays. ( " ) ( it ) [l )
337B Plagma phosphate (16 min/wlj| ( 2.0 ) (6.2 )
408A 8GOT ( 2/wk) { 3.0) (0.3 )
409A SGPT ( "oy C ") (n y
4174 Plasma cholesterol ( 2/wk) { 2.8.) (0.3 ) -
4204 ADH ¢ ") « " ¢ o)
430A Blood, 17 hydroxycortiocestervids (" « "} ")
4324 Blood, urie¢ acid t ") { ") ("
4334 Blood, blearbonate ¢ " ) C "y "




TABLE I.5=3. EU 4 (cont'd)
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DEDICATED LAB SHARED LAB
NO. OF CREW AVE. NO, OF CREW AVE.’
. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT, TIME, POWER,
EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MIN/DAY WATTS REQ'D FREQ, |MIN/DAY WATTS
434A CPK { 2/%k ) {2.6) 0.3 )
435A LDH ( 1] ( L] J ( " }
4364 ACTH " ) (") "y
437A Blood TBPA : ¢ "o t ") 'L
4384 Blood histamine « ") ¢ ") L
4397 Lymphocyte karlotyning { 4/wk) (3.8) (0.4 )
440A Transferrins, blood { 2/wk) ({ 5.0) ( 6.5 }
4424 RBC enzyme measurement { 2/wk) {2.6) (0.8 )
443A Complement titration, blood { "oy [ ] « "
4444 Thyroid stimulating bormone (" (") ("
445A Blood growth hormone ( oy { ") ("
448A Serum parathyroid hormone ¢ ") ") ")
447A Serum caleitonin ( " (") ")
44BA Insulin assay { 4/wk) (3.2) {0.3 )
4494 Glucagon assay ( 2/wk} (2.4) (0,2 )
45DA SHIAA ( 2/wk} (L4) (0.3 )
(109) {11)
CENTRIFUGE MICRO 1 1
1454 Centrifugation 60 min/dy | 10.0 2.1 60 min/dy | 10.0 2.1
10 2 10
CHEMICALS : 1 1 ‘
57C Water vapor monttoring ‘ ® 1/dy 5.0 o 1/dy 5.0 0
824 Work bench cleanup 3/dy 25.0 0 2/dy 20.0 0
B3A Work bench sterilization 1/dy 10.0 0 dy - 10.0 0
898 Hietological sactioning ( 2/wk) { 4.0) o0 - - -
90A Histological staining 2/wk 1.4 0 - - -
105A Organism or sample presvn./gas ) z/dy 4.0 0 - - -
1674 Anestheslology - vertebrates 2/wk 8.0 0 1/wk 4.0 0
3144 Biochemanalytical eqaip. calib. ' ) 10 minfwk | _2.0 0 10 min/wk 2.0 0
58 0 41 [}
69) (0
CHEMICALS - RADIOACTIVE 1 1
91a Plant radiochemistries - fixed (3) 4/wk 16.0 0 - - -
91B " " - LFB - - - | 2/wk 8.0 0
92B Vertebrate radiochemistries 4/wk 16.0 0 2/wk 8.0 0
938 Invertebrate radiochemistries " " " " " w
B Cell & tisgue radiochemistries " n | " n " "
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TABLE 1.5-3. EU 4 (cont'd)

DEDICATED LAB SRARED LAB
NO. OF CREW AVE. NO, OF CREW AVE,”
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQR. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
402A Lung diffusion capacity 2/wk 21.0 0 - - -
405A Blood plasma volume 2/wk 10.0 0 - - -
4257 ERG 2/wk 21.0 0 - - -
4498 Glucagon assay 2wk 8.0 0 - - -
4514 Angiotension II 4/wk 12.0 0 - = -
136 0 32
48 CLEANER, VACUUM 1 kN
8B Fenes management 1/wk 4.0 0.6 1wk 4,0 0.6
g2a  Work hench cleannp 3/dy 25,0 8.5 2fdy 20.0 2.8
29 4 24 3
653G DEYONIZER FOR FURE WATER i [
99B Distitled/sterile water prep. c A [
[} [}
70 ELECTROPHRSIS APPARATUS 0 0
340A Plasma pglobulina (1) 5/wk 6.0) (0.7
341A Plasma immunoglobins 3/whk (6.0) 0.7
(12) 1y
B FREEZER, CRYO 1 a
108A Orpanism/sSample pres. /thermal @) 0
¢
80 FREEZER, GENL (soe note) 1 1
30A Gross anatomles
1064 Orxganism/sample pres. /thermal
149C Urine analydis
1558 Urinary phosphates Nota:
156B Urine creatinine and creatinine
174B Enzyme assay The "Equipment Operations Analysis" table i9 used to
177TB Protein assay determine twe things: (1) average EI power requirée-
180B Plant hormones ments, and (2) EI placement and accessibility for crew
L. Vomils preservation & storage use. Certain Els have a very high use factor and it is
3024 Sweat preservation & storage not pecessary to perform the detail analysis of function
3144 Biochemanalytical equip. calth. frequency and crew time# to establish this fact.
337B Plasma phosphate '
368A Stool preservation .
3IGDA Urine preservation
1734 Fungal identifcation l | i |
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TABLE 1.5-3. EU 4 {cont'd)

DEDICATEDR LAB SHARED IAB
NO. OF CREW AVE. NO. OF CREW " AVE.”
EQUIP, ITEMS FUNCT. TIME, POWER, ITEMB FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND UBING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
486A Urine, microscopic analysis
4074 Urine, chemical analysis
408A BGOT
409A 8GPT
4114 Mineral balance
4124 Facal mass/net weight measmt.
4174 Plasma. cholestarol
£1BA Urine volume
419A Nitrogen balance
4208 Calovic intake
429A ADH
4304 Blood, 17 hydroxycortiocosteroids
431A BUN
4324  Blood urie acid Note:
4334 Blood bicarbonate
4344 CPE The " Equipment Operations Analysis” table is used to
4354 LDH determine two things+ (1} average EI power require-
436A ACTH ments, and (2) EI placement and accessibility for crew
437A Blood TEPA use. Certain EIs have a very high use factor and it is
498A Blood histamin not necessary to perform the detail analysis of function
430A Lymphoeyis kariotyping frequency and erew times fo establish this fact,
4404 Transferrins, blood
4414 Whole blood methomeglobin
4424 RBC enzyme measurement
4434 Complement titration, blood
4444 Thyroid stimulating hormone
4454 Blood growth hormons
4464 Serum parathyroid hormone
44TA Serum calettonin
448A Insulin aggay
4497 Glucagon assay
4504 SHIAA (Mood)
45634 Urine, calcium
4544, Urine, mucoproteins
4554 Urine, pyrophosphates
4564 Urine, hydroxyprolines
457A Urine, total amino acid
458A Urine, aldoaterone
4594 ADH
4604 Urine, 17, hydroxycorticostrds.
4614 Urine, 17, ketosterolds
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TABLE 1.5-8. EU 4 (cont'd)

DEDICATED LAB SHARED LAB
NO. OF CREW AVE: NO. OF CREW AVE,
EQUIP, ITEMS FUNCT, TIME, POWER, ITEMS FUNCT, TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
4624 VMA
463A Urine, metanephrines
4644 Urine, catacholoamines
4654 Urine, histamines
466A GHIAA (urine)
4674 Urine, sulfate - . . _
¥ 70 t 70
a1 FREEZER, LO TEMP 0 0
34¢C Blood slectrolytes 43}
36C Elood total pratein
106A Organism/sample pres. - thermal
185C Cytochemical staining - plants
135C Cytochemical staining - animal sys. L .
¥ (250)
33 REFRIGERATOR i 1
9B Organism subculture - substrate prep.
BOB " " ~ plants
81B Media prep. —cell and fissue
874 Microorganism ldentification
106A Organism/sample prea. - thermal
3144 Biochemanalytical equip. calib.
3424 Plasma coagulation _ — N _—
7 15 t 15
84 REFRIGERATOR, RADIC CHEM STORAG (Part of EI 83) 1 1
91A Plant radiochemistries - fixed
9B Plant radlochemistries - LFD
92B Vertebrate radiochemistries
938 Invertebrate radiochemistries
B Cell & tigsue radiochemistries
97A HEMATOCRIT, ELECTRNIC 1 . o
41B Hematocrit 2/wk A 0.3
4044 Red blood cell mass 2/wk 3.0 0.4

“|

T High frequency of crew use.
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TABLE 1.5-3, EU 4 (eont'd)

DEDICATED LAB SHARED LAB
NO. OF CREW AVE! NO. OF CREW AVE,”
EQUIF. ITEMS FUNCT. TIME, POWER, TTEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTICN REQ'D FREQ. |MIN/DAY | WATTS REQ'D FREQ. |MIDN/DAY WATTS
106 KIT, BENCH CHEM ANAL (8ee note) 1 1
26B Liquid volume msmts, - micro
27A n rt 11 - MACTo
28A Mass memts. = 001 to 100 grams
25A " " ~10 - 1000 "
38A RBlood preparation
34C Blood electrolytas
360 Blood total proteln
BOA Gas sempling
108D Bacterisl cell counting Note:
1778 Protein agsay
185C Cytochsmical staining - planta The "Equipment Operations Analysis” table is used to
186C " 1" - animal Ays. determine two things: (1) average EIl power require-
D2BA Cella and Hssue population density ments, and (2} EI placement and accessibility for crew
3378 Plasma phosphate use. Certain Els have a very high use factor and it is
4084 Urine, microscopic analysis not necessary to perform the detail analysis of function
407A Urine, chemical anaiysis ~ ground anal. frequency and crew times to establish this faot,
4078 Urine, chemical analysis - space anal.
408A 8GOT
409A SGPT
4114 Mineral balance
4124 Feeal mass/net weight maasmt.
417A Plasma cholesterol
4184 Urine volume
418A Nitrogen balance
4208 Caloric intake
4Z0A ADH
430A Bloed, 17 hydroxycortiocosterolds
431A BUN
4324 Blood urle acid
433A Blood bicarbopate
4344 CPE
436A LDH
4364 ACTH
43TA Blood TBPA
4384 Blood histamin
4394 Lymphocyte kariotyping
4404 Trangferring, blood
4414 Whole bioed methomeglobin
4424 REC enzyme measurement
4434 Complement titration, blood
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TABLE I1.5-3. EU £ {cont'd)

DEDICATED LAB SHARED LAB
NO. OF CREW AVE. NO. OF CREW AVE.”
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
4444 Thyroid stimulating hormone
4454 Blood growth bormone
4464 Serum parathyroid hormone
447A Serum caleitonin
448A Insulin assey
4484 Glucagon assay - ground anal.
4498 Clucagon assay - space anal,
450A SHIAA (blood) Note:
451A Apgiotension I
4524 Membrane aggay and cytogenic anal. The " Equipment Operations Apalysis” table 15 used to
4584 Urine, caleium = ground anal, determine two tbings: (1) average EI power require-
4538 Urine, calcium - space anal. ments, and (2) EI placement and accessibility for crew
A54A Urine, mucoproteins - ground anal. use. Certain EIs have a very high use factor and it is
454B Urina, mucoproteins - space anal. pot cecessary to perform the detail analysis of function
456A Urine, pyrophosphates ~ ground anal. frequency and crew times to establish this fact.
4568 Urite, pyrophosphates - space anal,
4564 Urine, hydroxyprolines - ground anal.
456B Urine, hydroxyprolines - space anal.
457A Urine, total amino acld - ground anal.
4578 Urine, total amino acid — space anal.
4584 Urine, aldosterone - ground amal.
4588 Urine, aldosterone - space anal.
4594 ADH - ground anal.
4598 ADH- apace anal.
460A tirine, 17, hydroxycorticosirds, - ground anal.
460B Urine, 17, hydroxycorticostrds. = space anal.
4614 Urine, 17, ketosteroids - ground anal,
461B Urine, 17, ketosteroida - space anal.
462A VMA - ground anal,
4628 VMA - space anal.
463A Urine, metanephrines - ground anal.
4838 Urine, metanephrines — space anal,
4644 Urine, catacholoamines ~ ground anal.
4648 Urine, catagheloamines — space anal.
A65A Urine, histaminee - ground anal.
4658 Urine, histamines - space anal,
466A SHIAA (arine) = ground anal.
4G6B 5HIAA (urine) ~ space gnal,
467A Urinse, sulfate - ground anal.
4678 Urine, gulfate - space anal. o e _ _
t V] 1 a
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TABLE 1.5-3. EU 4 (cont'd)

DEDICATED LAB SHARED LAB
NO. OF CREW AVE. RO, OF CREW AVE.
EQUIP. ITEMS FUNCT. TIME, POWER, TTEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FRER. MIN/ DAY WATTS
106 KIT, HEMATOLOGY  {see mote} 1 1
40D Blood morphelogy & coll counts
424 Hemoglobin ~ measure oxyhgh.or carboxyhgb.
333A Blesding time - ear or finger prick
333B " " -~ ivy method
3344 Clotting time
3364 Plagma glucosse
33BA Plasma. alkaline phosphatase Note:

3304 Plasma bilirubin

3404 Plasma globuline

341A Plasma immunoglobing

B342A Plasma coagulation

404A Red blood cell masa

408A 8GOT - ground anal.

4088 8GOT - space anal,

409A SGPT - ground anal.

409B SGPT - space anal,

417A Plasma cholestarol - ground znal.
4178 " " = space anal.
4264 Prothrombin consumption

4274 Platelet adhesivenses

4258 ADH
480A Blood, 17 hydroxycortiocostercids - ground ansl.
430B " " ™ = space anal.

431A BUN - ground anal.

431B BUN - space anal,

4324 Blood uric actd - ground anal.
432B Blood uric acid - space anal.
4334 Blood bicarbonate = ground anal,
4338 Blood bicarbonate - apace anal.
434A CPK - grommd anal,

4348 CPEK - dpace anal,

4354 LDH - ground anal.

4358 LDH - space anal,

4364 ACTH = ground anal.

436B ACTH - space anal.

437A Blood TBPA - ground anal.
4378 Blood TBPA = space anal.

438A Blood histamin - ground anal.
438B Blocd higtamin - space anal.
440B Tranaferrins, blood - space anal.

use,

The " Equipment Operations Analysis™ table is used to
detormine two things: (1) average EI power require-
ments, and (2) EI placement and accessibility for crew
Certain EIs have a very high use factor and it is
not necessary to perform the detail analysis of fusetion
frequency and crew times to establish this fact,
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TABLE 15-8. EU 4 (cont'd)

DEDICATED LAB SHARED LAB
NO. OF CREW AVE! NO. OF CREW AVE.
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
4414 Whole blood methomeglobin - ground anal.
4418 Whole blood methomeglobin - space anal.
4428 RBC enzyme measurement — space anal,
443B Complement titration, blood - space anal.
4448 Thyrotd stimulating hormone - space anal,
4454 Blood growth hormons - ground anal,
4458 11t 1 It - space anal.
446A Semm paraﬂvmid hormoens - ground anal.
446B " - gpace anal.
4474 Sarum calcitonin - ground anat,
447B " " - gpace anal.
4484 Insulin aggay — ground anal.
4494 Glucagon assay - ground anal.
4508 SHIAA {blood} - space anal.
451A Angiotension XII - ground anal.
4524 Membrans asegay and cytogenie anal, - ground anal. _— . _ _
¥ 0 T 0
108 KIT, HIST 3 1
B4A Organism subeulturing - cell & Hasue 8/dy 19.0 0.7 - - -
898 Histological sectioning (2/wk) (4.0} 0. 1) - - -
149B Urine analysis 1/wk 4.0 0.1 - - -
226A Cell & tissue population density 2/dy 1.0 0.2 t/dy 5.0 0.2
30 (34) 1 5 0
110 KIT, MICROBIOLOGY 1 1
B4A Organism subculturing - cell & tissne &/dy 19.0 L} - - -
87A Micreorganism identification Bfwk 16,0 0 4/wk 5.0 0
8BA Racterial smear staining 25/wk 25.0 0 - - -
108A Bacterial call coumting 3/wk 3.2 0 - - -
142A Microblologieal sampling 2/dy 10.0 ¢ 1/dy 5.0 0
ZEGA Cell and tissue population density 2/dy 7.0 0 1/dy 5.0 i}
353A Culture/sensitivity 1/k 1.0 0 - - -
ama Fungal cultaring - - - 1/wk 6.0 0
g1 [ 24 0
1144 KIT, MICRODISSECTION 1 1
118 LYPHILZR (SPACE VAC) (see nota on next page) 1 3
34C Blood electrolytes
36C Blood total protein
107A Organiem/sample presvn. lyorphﬂ.
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TABLE L5-3. EU 4 (cont'd)

DEDICATED LAB SHARED LAB
NG, OF CREW AVE. NO. OF CREW AVE.
EQUTP. ITEMS FUNCT. TIME, | POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D . FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
1748 Enzyme assay
i™B Protein aseay
1808 Plant hormonas
185C Cytochemical staining - plants
186C " " - animal ays. Note:
g?;i mzalmh;taﬁ on The "Equipment Opcrations Analysis” table is used to
408A 4o determine two things: (1) average EI power require-
4084 SGPT ments, and (2} EI placement and accessibility for crew
4294 ADH use. Certain EIs have a very high use factor and it is
not necessary to perform the detail analysis of function
fagﬁ g;';d' 17 hydroxycortiocosterolds frequency and crew times to establish this fact.
435A LDH
4364 ACTH
43TA Blood TBPA
4404 Tranaferrins, blood
4434 Complement titration, blood
4444 Thyroid stimulating hormons
4464 Blood growth hormons
446A Serum parathyroid hormone
4484 Insulin assay
4404 Glucagon assay
4504 GHIAA (blood) _ . _ _
25 10 15 B
121 MASS MEAS, MACRO 1 1
9A Orpanism mase measurements 1/3 dy 1.7 0.1 1/wk 1.0 0.1
204 Mase measmts, ~ contained lig. & solids - 10 -1 K gms 4/dy 12.0 0.5 2/dy 6.0 0.2
4204 Calorie intake 2/dy L0 %2 - . -
18 1 7 a
122 MASS MEAS, MICRO 1 1
94 Organism mass measurements 173 dy 1.7 0.1 1/wk 1.0 0.1
2BA Masy measmts. - contained lig, & solids - .001-100 grms 3/dy 9.0 0.2 2/dy 6.0 0.2
11 v} ki o
1264 MICROSCOPE, DISSECTING 1 1
7B Microscopy general 4/2 dy 20.0 1.8 4/2 dy 20.0 1.8
78A Invertebrate counting and sorting 15 min/dy 15.0 L3 5 min/dy 5.0 0.4
35 3 25 2
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TABLE 1.5-8. EU 4 (cont'd)

DEDICATED LAR SHARED LAB
NO. OF CREW AVE,] NO, OF CREW AVE,’
EQUIP. ITEMS FUNCT. TIME, | POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D | . FREQ. |mMm/DAY | WATTS REQ'D FREQ. { MIN/DAY WATTS
128 MILITPORE FILTER APPARATUS 1 0
98B Distilled/sterile wator preparaiton C A 0
102C Sterilization of atm. gases C A o
[ ¢
148D PURGE 5YS, CAT BURN 1 1
1264 Crew/chemical isolation 1/4 hr 2.0 1.3 1/dy 3.0 0.4
9 1 3 0
159 STADIING S¥S, BACTERLGCL 1 ¢
BEA Bactorial smear staiging 25/wk 25.8 1.7
: 25 2
119 TEMP BLOCK ) 3 2
83A Blood preparation 4/dy 25.0 a@i1/2c 2fey 15.0 150
3344 Clotting time 1/wk 2,0 150 - - —
’ ‘27 160 15 15¢
186 VOLUMETRIC MEAS, 1IQ. 1 ¢
£18B Urine vohmme 4fdy 10.9 &
4204 Caloric intake 2/dy - 3.9 o
13 )
EU TOTAL 277/85 257/86
(541/356)




TABLE L.65—4. DEDICATED 7-DAY LABORATORY S8AMPLED DATA REQUIREMENTS

E.U. 4 - PREPARATION AND PRESERVATION UNTT

SENSOR/! SIGNAL CHARACTERISTICS PROCESSING
Bits |Sampling |Sampling Total Total
EQUIPMENT ITEMS (E.U.#/E.L#) Signal | No. of per Duratfon | Rate per |Bit Rate, | Bits
__AND SIGNAY. IDENTITY Range Regolution | Type | Chan. | Sample | wnin/day | Channel BES | per Day COMMENTS
Lominar Flow Bench (4/18)
On-0ff Control 2 position (1 pesitiocn Disc. 1 1 cont., 1/5ec 1 86K
Air Flow Bate 0-5 scfm 0.1 sefm Anal, 1 6 162 - 1/min negl., |1x
Air Temperature 20-30° C 0.2°¢ Anal, 1 6 162 0.1/5ec 1 6X
Air Relative Humidity 30.65% 1% Anal. 1 6 262 C.1/zec 1 EK
Blower Motor Temperature 20-7CP ¢ 1°c Anal. 1 6 162 0.1/sec 1 BK
Micro Centrifuge {L/u2) on 10 min/day
On-0ff Conirol 2 position |1 position Dize. 1 1 cont 1/sec 1 86K
Cryogenic Freezer (4/77B)
Temperature 70-100°K 19K Anal. 1 5 cont, 1/min negl., |TK
Freezer, General {4/80)
I Temperatire -30 te P [1%¢ Anal, 1 5 cont. 1/min negl. |7E
] .
Refrigerator (4/83)
Temperaturs 0-15°¢ 1°¢c Amal. 1 L cont. 1/min negl. |6K
Iyophilizer (4/118)
Vacuum Valve Pogition 2 positions {1 pesitien Dise. 1 1 cont. 1/sec 1 85K
Pressure 1074 1o 1 |107% tore anal. 1 | oes 1/sec 1L PIK
torr
Mess Messurement Device, Macro and Micro (4/121 & 4f122)
On=0ff Confrol 2 positiona |1 positicn Disc. 2 1 cont. lfaee 2 ITIK
Specimen ID 0-200 1 pig. 1 8 29 0.1/sec 1 1K
Oscillation Semscr Output 0-5 vV Q.05 ¥ Anal. 1 7 29 500/55(: 36500 6.1
Purge System (4/1L3D}
0n-0ff Control 2 position [l pesitien Disc. 1 1. cont. Il/sec 1 86K
Purge Gas Flow 0-2 scfm 0.05 sefm Anal. 1 6 30 .1/sec 1 1K
Cas Temperatures C-TOPF 5F Ansl. 2 8 30 1/sec 2 3K
Heater Power 0-300 w 5w Anal. 1 & 30 .1/sec 1 1K
Prassure 0-15 psig 1 psig anal, 1 4 30 .1/zec negl., |1K




TABLE I.6-4. DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS (Cont'd)

E.U. 4 - PREPARATION AND PRESERVATICN UNIT
SENSOR/SIGNAL CHARACTERISTICS PROCESSING
Bits |Sampling [Sampling Total Total
EQUIPMENT ITEMS (E.U.#/E.I.#) Signal | No. of per |Duration | Rate per |Bit Rate, | Bits
AND SIGNAL IDENTITY Range Resolution Type | Chan. Sample | min/day | Chamnel BPS per Day COMMENTS
Temperature Block (L/179)
0n-0ff Control 2 pogition |1 position Disec. 1 1 cont. 1/sec 1 B6K
Temperature 20-120°¢ 0.5°0 Anal,. 1 8 27 .1/sec 1 K
6.77IM | TOTAL

93-1
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TABLE I.5-5. TYPICAL EQUIPMENT UNIT FUNCTIONAL INTERFACES
E.U. 4 - PREPARATION AND PRESERVATION UNIT

CRITI~
EU # DESCRIPTION OF FUNCTIONAL INTERFACES WITH E.U. 4 CALITY*

1 Video and photographic documentation of biological fluid and tissue acquisition and prep;a,ration 2

from cage modules via the LFB. Photomicrographic documentation of cell morphology studies.

3 Use of crew mobility and restraint aids for use during preparation and preservation tasks, 3

5 Centrifugation of a whole blood sample with subsequent determination of prothrombin time on 3

the plasma phase. Preparation of reagents for automated analysis and standardization of pH
instruments. :

6 Biological specimen maintenance by the use of the LFB in conjunction with the QOrganism 3

Holding and Management System.

7 Storage of chemicals and support items for centrifugation, electrophoresis, and biological kits. 2
40/ Removal of blood samples from selected vertebrates within the LFB with subsequeut trans- 3
41 ferral and processing in the centrifuge for final electrophoresis of the serum phase.

42 Measurement of vertebrate blood pressures within the LFB using the pressure cuff transducer. 3
Implanting or mounting biotransducers on specimens in the LFB using the veterinary kit.

50 Measuring soil pH and taking plant tissue samples within the LFB and transferring of sampled 3
tissues to the cryogenic freezer, dissecting microscope or Iyophilizer.

51 Dissection of plant tissue structures using the plant tool kit, LF'B, mass measurement device 3
and dissecting microscope.

60 Selection of cells for subculturing with the microbiology kit within the LFB. 3

61 Lyophilization of bacteriological cultures obtained from the Air Particle Sample Collector 3
(Anderson Sampler) for preservation and identification of organisms on the ground,

70 Use of microdissection kit, LFB and cryogenic freezer for the sampling, preparation and 3

preservation of invertebrate organs and tissues.

* 1= Minimal, 2 = Nominal, 3 = Maximal.
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TABLE I.5-6. COST SUMMARY -

EQUIFMENT UNIT 4 PREP, PRES & RETRIEVAL UNIT Page 1
ITPMENT IDENTIFICATION | DEVELOPMENT | SHARED SORTIE (7 DAYS) - DEDICATED SORTIE (7 DAYB) [ DEDICATED SORTIE (30 DAYS) COMMER-
’ Dav, Unit No. Total Dev. Unit No. | Total Dev, Unit No. | Total CIAL
"~ Tile _Type Cost $K_| Cost $KX | Req. | Cost$K | Cost $K | Cost$K| Req. | Cost $K || Cost $K | Cost $K | Req. | Cost $K | COSTS REMARKS

T ANESTHETZR TNVERT REMFG 35 5 1 40 35 5 i 55 35 5 10 85
18 BENCH, LAM FLO SRT 4 2000 25 1} 2085 2000 25 1 | 2025 2000 25 1| eoces 1600,00
184 | BENCH LINERS, L¥FB SRT 2 100 1 10 110 100 1 10 110 100 1 Lo 140
188 BEWCH INSERT-RADIOC SRT 2 [ 1 6 & 1 [ =] 1 6 ! DEV COST IN 0184
b1 CENTRIF FRIG KI SED REPACK 2 0 0 o ] 175 25 1 200 310,00 }
42 CENTRIF MICRC REPACK 2 75 5 1 &0 75 5 1 &0 5 5 1 8o 200. 00
uh CHEMICALS RETESTGN 1 100 10 1 110 100 10 1 116 100 e 3 130 1000.00
LA | CHEMICALS~RADICACTTVE MINIMAL 0 o 10 i 10 e 10 1 10 o 10 3 30 1000,00
ug’ CLEANR, VACUTM BEDESTGN k! 200 | 50 1 250 200 50 1 250 200 50 1 250 300,00
63 | DEIONIZER FURE WATER REDESICN 3 ! a 100 hi 1 115 100 15 1 115 173.00
7C ELECTROPHRSIS APPAR REPACK 1 0 0 0 0 50 5 1 55 B87.00G |
778 | FREZR, c'mtﬁ RELERIGN 3 o o 500 25 1 525 500 25 2 550 2500. 00
go FREZR, GEN " REDESTGN 2 50 5 1 55 50 5 1 55 50 5 1 55 235.00
81 FREEZ, IO TEMP REDESIGN 2 o] 0 [»] 0 200 10 1 210 1675.00
83 | rric ' REDESIGN | 2 50 5 1 5% 50 5 1 55 56 5 1 55 235.00
974 | HEMATCCRT, ELECTHNIC REMFG 1 o] By 40 5 1 45 40 5 1 ks 275.00
105 | 'KIT-EENCH CHEM ANAL REPACK 2 100 10 1 110 100 10 1 110 100 10 1 1o 300.00
106 KIT-HEMATOLOGY REMFG 1 7 1 1 8 7 1 1 8 7 1 1 ] 75.00
108 | KIT, HIST REMFG 2 20 3 1 | 20 3 1 23 20 3 1 23 150,00
110 | ¥IT, MICROBIOLOGY REMFG 1 Lo 5 1 45 4o 5‘ 1 45 40 5 1 ks 50.00
11bA | KIT, MICRODISSECTION REMFG 2 Lo 5 1 5 Lo 5 1 L5 40 5 1 " 75.00
118 | LYPHILZR REDESIGN 2 200 20 1 2820 200 20 1 220 200 20 1 220 1400.00
121 | MASS MEAS, MACRO MINTMAL 1 20 10 1 30 20 10 1 30 20 10 1 30 760,00 | SKYLAE DEVELOPED
122 | MASS MEAS, MICRO REDESTCN 3 | 2000 20 1 | =020 2000 ac 1 | 2020 2000 20 1 | eo2e 980.C0
1264 | MICRSCP, DISECTING MINIMAT 1 10 5 1 15 10 5 1 15 10 5 1 15 900.00
128 | MILLIPCEE, FLT APPRI'S MINIMAL o o o 3 1 1 b 3 1 1 k 50,00
143p] PURGE SYS, CAT BURN REMFG 2 100 20 1 120 200 20 1 120 100 20 1 120 2000, 00
159 STATN S5YS, BACTERLGCL REDEST&E L 0 o] 400 20 1 Lao Loo 20 1 h20 1715.00
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TABLE I.5-6, COST SUMMARY -
EQUTPMENT UNIT & - PREF, PRES & RETRIEVAL UNIT Page 2
EulL
TTRMENT IRENTIFICATION | DEVELOPMENT SHARED SQRTIE (7 DAYS} DEDICATED SORTIE (7 DAYS) DEDICATED SORTIE (30 DAYS) OMMER—
i ’ Time Dev, Unit No. Total Dev. Unit No. Total Dav. Unit No. Taotal CIAL
[No. Title Type (¥rs) ICost $K | Cost $K | Req. | Cosk $K | Gost $K | Cost $X! Req. | Cost $K || Cost $K | Cost $K | Req. | Cost 3k || cosrs REMARKS
179 TEMP BLOCK MINIMAT 1 5 1 3 8 5 1 8 S 1 3 8 100,00
186 VOLDUMTRC MEAS, LIQ REDESIGH 2 0 o 50 5 55 50 5 1 55
TOTAL COST ESTIMATES 5152 233 5385 4ohs 319 6564 6670 L8l 7154




1.6 EQUIPMENT UNIT 5 - BIOCHEMICAL/BIOPHYSICAL ANALYSIS UNIT

1.6.1 FUNCTIONAL CAPABILITY & SUMMARY DATA. This unit performs the major
measurements and analyses of experiment specimens and parameters, generally requir-
ing more than simple instrumentation. These include measurements of blood and urine
constituents and properties, gas compositions, and sound levels. The summary of
pertinent properties for this E.U. are given in Table 1.6-1.

1.6.2 EQUIPMENT ITEMS. Major equipment items include an automatic blocd analyzer,
spectrophotometer, blood cell counter, blood gas analyzer, mass spectrometer, and gas
chromatograph, see Table I.6-2. The placement of equipment items is shown in Figures
I.6~1, 1.6-2, and I.6-3.

I.6.3 OPERATIONS AND INTERFACES.

Equipment Operations Analysis - The details of the equipment operations analysis
for E.U. 5 are given in Table I.6-3. '

Data Requirements - Estimated sampled data requirements are shown in Table
I.6-4.

Consumables - Liquid nitrogen (LNs) is required for the trace gas concentrator
(180A). Approximately 3 1b/day have been estimated or 21 1bs for a 7 day mission, and
90 lbs for a 30 day mission. The trace gas concenteator will require filling during
launch operations.

Other consumables include chemicals for the various analyzers and bottled gas
for the gas chromatograph. However, these are not time limited with respect to Sortie
launch operations.

Launch and Reentry Operations - None of the equipment in this E,U. is expected
to be functioning except during orbital experiment operations. Nitrogen boil-off from
the freeze trap (E.I. 180A) will have to be vented during launch.

Electrical Power - Electrical pover requirements for this equipment unit are indi-
cated in Table 1.6-1. The estimated breakdown between a.c. and d.c. power was based
largely on the type of power required for commercial instruments of similar function to
the flight instruments in this equipment unit. Naturally, most of the commercial instru-
ments utilize 115 volt a.c. power. However, much of this equipment could be converted
to utilize 28 v d.c. if desirable,
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Peak power for the dedicated laboratories was estimated at approximately 1.0 kw.
This might correspond to the average on-duty powe r of approximately 300 watts plus the
gas chromatograph and mass spectrometer operating (750 watts). For the shared
laboratories, a peak power of 500 watts was estimated.

Heat Rejection - The heat loads corresponding to the average on-duty power con-
sumption are:

Shared Lab 88 w, (300 Btu/hr)
Dedicated 7-Day Lab 315 w; (904 Btu/hr)
Dedicated 30-Day Lab 320 w, (925 Btu/hr)

In general, these heat loads are of an electronic nature and could be rejected to a liguid
heat sink in the specified Sortie Module range of 296-310°K (73-99°F). However, most of
the heat loads are relatively small and would most likely be rejected to the cabin air. As
a preliminary estimate, 50 percent of the load was assumed to be transferred to the
liquid coolant and 50 percent to the cabin air.

Typical Equipment Unit Functional Interfaces - As a core unit, the biochemical
and biophysical analysis unit has many functional interfaces with the other equipment
units of the life sciences payload. Examples of these are given in Table 1. 6-5.

1.6.4 EQUIPMENT ITEM COST SUMMARY - See Table I, 6-6.
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TABLE I.6-1. E.U. 5, BIOCHEMICAE-/ BIOPHYSICAL ANALYSIS UNIT -
SUMMARY OF PROPERTIES

‘ Shared Dedicated Dedicated
Property 7-Day Lab | 7-Day Lab |30-Day Lab
Number of Racks & Consoles 1 2 23
Volume, dnf (f£), Total 881 (312){ 1671 (590§ 2099 (743)
Racks & Consoles 744 1488 1860
Distributed & Extra Ifems 137 183 239
Small Storage Items (Mise.) 0 0 0
Fixed Weight, kg (Ib) 230 (506); 453 (997) 582 (1280)
Electrical Power, w
On Duty* Average Po\izer; Total . 88 315 320
Estimated d,c. 80 100 105
Estimated a.c. 8 215 215
Off-Duty* Average Power, Total 80 225 225
Estimated d.c. 80 100 100
Estimated a.c. 0 125 125
Estimated On-Duty Peak Power 560 1000 1000
Heat Rejection, wt
On Duty Load, Total 88 315 320
Estimated Air Cooled Load 44 158 160
Estimated Cold Plated Load 44 158 160
Off Duty Load, Total 80 225 225
Estimated Air Cooled Load 40 113 113
Estimated Cold Plated Load 40 113 113
Development Cost, $K 1706 5109 6494
Unit Cost, $K 347 823 928
*12 Hours !
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TABLE I.6-2.

BQUIPMENT ITEMS (EIs) CONTAINED IN EQUIFMENT UNIT # 5

BIOCHEMICAL % BTOPHYSICS ANALYSIS UNIT

i{No. of
» Units Cost
‘Reqd.*| unit | Unit | Unit .| Develop.
E.l, Sharad, | Weight | Pwr*** Volum (Unit)+
E.I, Name No.* Ded. |kg (Ib.) | watts dm? {t) 3K Comments
Mtoanalyzer, Multiple 7 1 O 11k 400 L2s 700 To perform various analyses oh blood and other
‘ S (250} (15) | (100) | metevoltc flutds.
| (69.5)
Anplyzer, Atom, f (tm)1 (1) 36 110 113 1200 Atomic Absorption Bpeetrophotometer to analyze
Abs. Bpectroph. i ! (80) (k.0) | (60} metallic and semi-metallic elements in scluticn.
§ ()* ) '
!
Anslyzer, Gent, 13 1 136 3450 283 350 General Purpose Spectrophotometer for spectral
Spectropho. tl {300) {10) (50} analysis of geses and liquide.
Co (5.5)"
(
Analyzer, Urine, f13 10 - - - - Part of autoanlyzer, E.I. 7.
Automatic 1
Atmospherie Sampling, 154 1 23 5] 28 o] Gas sampling manifold for periodic pampling of
Manifold 1 {5c) (r.0) ¢ (0) aage and cage module gtmospheres, Laboratory
. specific, and estimeates for wt. and wol, shown,
t
Audiometer i (16BY (1} 5 25 L 35 Far sound socurce to earphones or bone vibrators.
! (10} {c.15)] (5} 125 +o 8000 He, For measurements on man.
Beneh, Cenl, | (9 (v 45 50 255 100
Experiment ; (100} {3.0) | (20)
Commutator, Gas S0/ ] 2 0 14 200 Automatic gas manifold velving system for
Manifold . 1 (5) (0.5) | (20) control of cage end cage module atmospheric
; gas sampling.
Counter, Cell 52 0 9 Lo 57 200 Blood Cell Counter similer to & Coulter counter
, 1 (20) {2.0){ (30) which measures numbers of white blood cells end
l red blood cells.
Counter, Colony, (53| () 5 20 28 50 To determine counts on substrate. Development
{Auto) ; (10) (1.0} ] (L) 1tem,
1
Counter, Coleony, ; 5h 1 1.4 50 14 10 Menual Colony Covnter. Lighted Grid with
Manual . 1 (3) (0.5} (=2} megnifylng glese, including mechaniesl counter,
: {o.)t
Fibrameter, Blood i 76L 0 5 ko 20 100 For sutomatic measurement of plasma coegulaticn.
Ciot 1 {10) (o.7) | (10)
i (1)
1
Gas Anglyzmer, Auto i 85 o] 8 55 45 200 Autemstic Blood Ges Analyser to measure Oa,
Physiclogical ] 1 {18) (.61 (50) (02, and pH.
(5.3)*
Gas Analyzer, COp 86 1 1 1 1 T5 T¢ measure approx., 1-20 mm Hz pp COp in air
1 (2.6) (o.0b)Y (10) and other gas mixtures.
(z.2)*
Gas Analyzer, GC 8a 0 L3 500 207 | 8s0 Gas Chrometogreph to measure gas, llquid, and
1 {103) (7.3 (120) so0lid constituents of biological semples,
(5.2)* :
Ges Analyzer, Mass 90 0 23 250 57 1000 To provide measurements from 1 to 400 amu.
Spee. 1 {50) {2.0)| (100) This is & comprehensive research unit to
nt dentify geses.

* FEINo. inparentheses in this column indeates that the item s nsedsd only for the dedicated 30-dsy misaion.

*k

Number of units (E]e) required in shared laboratory 1s given by the upper namber, and the mumber required in the dedicated

laboratories {s shown by the tower mmmbera, Parentheses indicate the number required for the 80-day laboratory {only if 1t 18
different from the mmber required for the dadicated 7-day laboratory).

wokk

Average power while equipment 1s cperating.

+ The top mumber {mparentheaized) 18 development cost, The paventhesizad pumbers are unit costs, and a plus (+) indicates a
unit coat value for a commercially availatle fter intendad for ground use,
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TABLE 1.6-2. EQUIPMENT ITEMS (EIs) CONTAINED IN EQUIFMENT UNIT #5 (cont.)
BIOCHEMICAL & BIOPHYSICS ANALYSIS UNIT
T )
iNo. of
i Units Cosat
‘Reqd, | Unit Unit Unit Devalop.
E.I. Shared, | Waight | Pwr¥¥¥ Vulsllmg (Unity+
E.I. Name “No.* Ded, kg (b,) | watts |[dm" (f") $K Comments
Gas Analyzer, Mass ‘ 9 I 2 3 Lo 6 800 Mass Spectrometer, speeisl purpose to momitor
Spee. ! 2 n (0.2) | (100} . envirommental gasee, 060 amu. :
: {10.5)
Ges Anslyzer, RH !93 ! 6 5 6 13 70 Water Vapor Meter (Dew Peint) to monitor
: 8 (11.5) (047} (20) primarily stmospheric pir.
{c.5)
Meters, Assorted flESB | b 1 1 0.3 150 Needed throughout the leboratory, 1shoratory
\ iy (3] (0,01) (1) specific, average estimated wt., power, & vol,
i are shown.
}
Meter, AOTS lizse | o 0.5 0 0.1 3 American Optieal (40} total sollds (18)
; 1 (1.0} {0.005} (1) refractometer. A hand-held optical device
! (0.3)% | for the measurement of total dissolved solids
in liguids.
Microphone ' 126B | 4 0.2 o} 0.1 o] For monitoring organisms, data recording,
: 5 {0.5) (0.005)| (0} . remote blood pressure measurements, etoc. Cost
| {0.1)* | inciuded 1n E.I. 1260C.
Micrcphene 126c| 2 0.05 10 c.3 20 For mierophane signals to provide output to
Amplifier & (0.1} (o.01)] (2) speakers. WI1ll probably be provided on &
; s0lid state plug-in type card.
7H Meter 138 .D 3 5 23 150 Genersl purpose
: 1 {7} {0.8) | (20) .
i (c.6)
Sound Level Meter , 157 1 6.8 a 28 30 For sound level (including Prequency)
y 1 13) (1.0) | {5) , | messurements,
(2.5)
i
Thermorouples :179& 2 0.5 s} 0.3 1 Package of 20,
i 3 {1.0) {o.o0)| (1)
Trace Gas IlBOA 1 19 a} 28 200 For freezing out .eﬂ:ylene fram sadr in order
Concentrator . 1 (41) (1.0} [ (10) to concentrate and measure it (essentially a
k) freeze trap). Wt. and vol. are estimates
for an I.N2 trap.
1
|

¥ EINo, tnparentheses in this column Indioates that the item 15 needad only for the dedloated 30~day misslon,

** Number of units (EIs) required In shared Iahoratory is glven by the upper mumber, and the mumber required in the dadioated
laboratories 18 shown by the lower mumbera, Parentheses indioate the number required for the 30-day laboratory (only 1f it Ia
differept from the number required for the dedicated 7-day laboratory).

*++  Average power while equipment is operating,
+ The top mmber (unparenthesized) 19 dovelopment cost. The parenthesized mmbere ave wnlt costs, and a plus (+) indloates a
" unit cost vatue for a commercially available item intendsd for ground use.
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EQUIPMENT ITEMS IN CONSOLE

E.I. Number & Name

FIGURE I,6~1 EQUIPMENT VOLUME AND PLACEMENT
Shared v-Day Laboratory

E.U.5 Biochemistry/Biophysics Analysis Unit

CONSOLE (0.61 m deep)

In Top of Console;

2 777

B4 Colony Counter 14 //
o1 Mass Spectrometars 12 ' Excess
126B  Microphones negh, /.
157 Sound Meter 28 2.0m
178A  Thermocouplea nepl,
Total 54 /
Excess Volume
Allowance 236
157
In Botiom of Console: 91 34
11 SpectrophotometeT 283 - / ]
Total 283 /
Excess Volume WORK AREA '
Allowance 0

~WORK SURFACE

2

0.76 m
11

f— 0.61m ——

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS

{Not in Rack or Console)

E.I. Number & Name

154
86

93
1258
126C
1B0A

Vol.

dmd

Gas Manifold 28
cO 5 Analyzer 1
Dew Point Meters (6) 78
Meters 1
Amplifiera 1
Gas Concentrator 28
Total 137
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EQUIPMENT ITEMS IN RACK & CONSOLE

Vol.
E.I. Number & Name dm’
In Rack:
7 Autoanalyzer 425
11 Spectrophotometer 283
Total 708

Excess Volume
Allowance 36

In Top of Console:

52  Cell Counter 57
64 Colony Counter 14
76L Fibrometer 20
85  Blood Gas Analyzer 45
90  Mass Spectrometer 57
91  Maag Spectrometer (1) [
138 PH Meter 23
157 Bound Meter 28
Total 250

Excess Volume
Allowance 40

In Bottom of Console:
89 Gas Chromatograph 207
125C Refractomster
126B Microphones (G) 1 (negl.)
1794 Thermocouples
Tatal 208
Excess Volume

Allowance .75

FIGURE L, 6-2 EQUIPMENT VOLUME, AND PLACEMENT

Dedleated 7-Day Laboratory

E.U.5 Biochemistry/Biophyslcs Analysis Unit

RACK (0.61 m deep)

CONSBOLE (0.61 m deep)

11

Excess [/ [ [/

[/

76L

138 157

14 & 91 8

a1 52

WONRK AREA

WORK SURFACE

:3¢)

[ oness /) //

S /

0, 4 my

0.76 m{

[——————— (0, 6] W

e~ 0.81 m ———-l

DBTRIBUTED OR EXTRA EQUIPMENT ITEMS
(Not in Rack or Conmala)

Val.

E.I. Number & Name dm3
154  Gas Manlfold 28
S0A Manifold Flow Control 14
86 002 Analyzer 1
91 Mass Spectrometer (1) ]
a3 Dew Point Sensors 104
126B  Meters (mise,) 1
126C  Amplifiers 1
180A Trace Gas Concentrator 28
Total 183
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E MENT ITEMS IN CONSOLE

Val,

E.l. Number & Name Jm'

In Bottom of Console: .
8A  Atomie Aba, Spectrophotometer 113

16 Audiometer 4
19 Exper. Bench 255
58 Auto, Colony Counter 28
Total 400

Excess Volume Allowance 54

(including work area)

*Other equipment required is identieal to that in the

Dedicated 7-Day Laboratory

FIGURE I.6-3 EQUIPMENT VOLUME AND PLACEMENT

19

Exira Equipment Required for 30-Day Laborato

E.U. 5 Biochemistry/Biophysics Analysis Unit

CONSOLE (0.61 m deap)

NN

A\

\ Used by 2
\ E.U.6/7 ’
WOEK AREA
/ / 4om
’ om{ SU’RFACE
19
0.76 m
8A
16,
a3 Excess

fet———— 0,81 i ———

DISTRIEUTED OR EXTRA EQUIPMENT ITEMS
{¥ot in Rack or Console)

Vol.
E.I. Bumber & Name' dm3

1804 Trace Gas Concentrator 56

Taotal 56



EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatic function

designates payload or experiment specific

high use frequency by crew

bracket data is for the 30-Day Dedicated Laboratory only
included in EI 32A :
part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same as No. 2 above

N e LD B e~ * M
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TABLE L. 6-3. EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 5. BIOCHEMICAL AND BIOPHYSICAL ANAL YSIS UNIT

DEDICATED LAB SHEARED LAR
NO, OF CREW AVE/, NO. OF CREW AVE,”
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, FOWER,
ITEM EQUIPMENT NAME AND USING FUNC'TION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
7 AUTOANALYZER, MULTIPLE 1 0
3364 Plasma Glucose 3/wk 1.8 1.0
3344 Plasma Aklaline Phogphates " " r
339A Plasma Bilirubin " " "
4088 SGOT (serum glutamic oxalacetic transaminase) 2/wk 1.6 0.9
4698 SGPT (gerum glutamic-pyruvic trangaminase) " r "
4178 Plasma cholesterol i " "
429B Serum antidiuretic hormone (ADH) r " "
4308 Blocd, 17 hydroxycortiocostereids " " "
4318 Blood urea nitrogen (BUN) B " "
4328 Blood uric acid " " "
4338 Blood histamin " " "
41348 Creatinine phosphokinass (CPK) blood " " "
435B Serum lactic acid dehydregonese (LDH) & LDH iscenzymes " " "
© 436B Blood adrenocorticotropic hormone (ACTH) " " "
437B Blood TEPA " " "
438B Blood histamin " " "
4418 Whole blood methomeglobin 4/wk 2.0 1.1
4458 Blood growth, hormone 2/wk 1.6 0.9
446B Serum parathyroid hormone " " B
4478 Serum calettonin " " L
33 19
8A ANLZR, ATOM ADS SPTRPH o 0
52B Trace Gas Analysis Inorganics @) {10 minfwk) A} (0.3)
0 4]
11 ANLZR, GENL, SPECTROPHO 1 1
424 Hemoglobin-Msur Cone Oxyhgb or Carboxyhgb 2/wk 3.6 2.8 i/whk 3.0 1.9
108D Bacterial cell counting - - - 2/wk 2.4 1.5
2264 Cells and tissue population density z/dy 7.0 4.4 1/dy 5.0 3.1
404a Red blood cell mass (RBC Mass) 2/wk 3.0 1.9 - - -
14 g 1y 7
13 ANLZR, URNE, AUTC (use Autoanalyzer, E.I. #7) 1 ]
[ 4078 Urine chemical analysis (bile, acetone, etc.) 2/dy 40.0 22.%
440B Transferrins, blood 2/wk 1.8 0.9
442B RRBC Enzyme Measurement " " "
4438 Complement Titration, Blood " " "
4448 Thyroid Stimulating Hormone " " "
4508 Blood Serotonin (GHIAA) " " "




08-1

TABLE 1.6~3. EU 5 (cont'd)

DEDICATED LAB SEARED LAB
) NO. OF CREW AVE. NO. OF "CREW AVE,”
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MIN/DAY | WATTS REQ'D FREQ., |MIN/DAY WATTS
453B Urine, Calcium 2/wk 1.6 0.9
454B Urine, Mucoproteins 1 " "
4558 Urine, Pyrophosphates " n "
4568 Urine, Hydroxyprolines " " "
4578 Urine, Total Amino Acld n " n
4588 Urine, Aldosterone " n n
4598 Urine, Antldiuretic Hormone (ADM) " " n
460B Urle, 17, Hydroxycortcosteroids " n "
461B Urine, 17 Ketosteroids " " "
462B Urine, Vinyl Mentlalic Actd (VMA) " " "
4638 Urine, Motanephrines " " "
4648 Urine, Catacholoamines " n "
4658 Urine, Histamines n " "
466D Urine, Serotonine (SHIAA) 1/dy 5.0 2.8
4678 Urine, Sulfate 2/wk 1.6 0.8
15 43
154, ATMOS SAMPLING - MNFD SYS 1 1
508 * Gag Spppling - Obtzin gas from site C A ] C A 9
Xfor to Instmt 0 0 0 o
168 AUDIOMETER 0 0 '
7154 Auditory ~ absolute threshold W) {(z/3dy) 1.8) 0.1}
T16A Auditory - pitch diserimination " " u
T17A Anditory - tamporal aculty n " o
@) 0
19 BENCH, GENL EXPER 0 0
14B Bioelectric Xder Installation & Satup/CRT Check-precalib 1) (2/2 dy) (1L0.0) 0.7
14C Bioclectric Xdor Ingtallation & Setup/Preinstal (1/dy) .0 0.1)
824 Work Bench Cleamp (8/dy) 25.0) 1.7
91A Plant Radiochemistries (4/wk) (16.0) 4.1
{52) &)
50A COMMUTATOR, GAS MANIFLD 1 o
1128 Oxygen Mamts Mmb /6 C A 20-c
113B Carbon Dioxide Mamtz Mmb " o .
0 20
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TABLE 1.6-3. EU 5 (cont'd)

DEDICATED LAB SHARED 1AB
NO. OF CREW AVE, NO. OF CREW AVE,
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/ DAY WATTS
52 COUNTR CELL 1 0
1084 Bacterial Cell Counting 3/whk 3.2 0.2
4044 Red Blood Cell Mags (RBC Mass) 2/wk 3.0 0.2
6 o]
53 COUNTR, COLONY {(AUTO} a 0
86A Bacterial Colony Counting (t) (5/wk) @.0) 0.1)
(3) (0}
54 COUNTER, COLONY, MANUAL 1 1
L} ) Bacterial Colony Counting - - - 3/wk 6.0 0.4
0 0 ] ]
6L FIBROMETER-BLOOD CLOT 1 0
4264 Prothrombin Consumption 2/wk 4.0 0.2
4 o
BS GAS ANLZR, AUTO PHYSIO 1 0
B6A Elood PH P(’.‘.Oz O, = Meur Cone of Dissolved GS in Blood 10/wk 4.0 0.3
4 0
BB GASB ANLZR, CC)2 1 1
501E Analysis of Gas Mixtures for Os, Nz, 002, CoO, CH4, 5 min/dy A 0.1 2 min/dy A &1
H,0, H,, NHg, ete. 0 0 0 0
B9 GAS ANLEZR, GC {COMPLX) 1 1]
5LA Trace Gas Analysis Hydroearbons - Specific Compound/ 15 min/dy A 10.4
Predeterm List
50A Atmospheric Ethylene Monitoring ~ Sens to Soppb 1/4 C A 125.0
5014 Analysis of Gas Mixtures for Op, Ny, CO,, CO, CH,, 5 min/dy A 3.5
H20, H2, NHB' ete. 0 139
1] GAS ANLZR, MASS SPEC 1 0
51R Trace Gas Analysis Hydrocarbons - Specific Compound/ 10 min/dy A 3.5
Predeterm List
52A Trace Gas Analysis Inorganies 5 min/dy A 1.7
1} 5
91 GAS ANLZR, MASS SPEC 2 2
204 Reapiratory Rate Monitoring /s ¢ A 6.7 - - -
/4 C A 19.0 1/4 ¢ A 10.0

53B Oxygen Monitoring
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TABLE I1.6-3. EU § (cont'd)
DEDICATED LAB SHARED LAB
NO. OF CREW AVE. NO. OF CREW AVE,
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT, TIME, FOWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MmN/DAY WATTS REQ'D FREQ. | MIN/DAY WATTS
B4B Carbon Dioxide Monttoring 1/4C A 10,0 1/4 C A 10.0
558 Nitrogen Monitoring /4 C A 10.0 1/4 ¢ A 10.0
56C Carbon Monoxide Menitoring 1/4 ¢ A 10.0 1/4 C A 10.0
B7A Water Vapor Monitoring 1/4 C A 10.0 1/4C A 10.0
58C Ammoenia Monitoring /4 ¢ A 10.0 1/4 C A 10.0
1128 Oxygen Msmts MMB 1/6 C A 6.7 -- - -
113B Carbon Dioxide Msmts MMB 1/6C A 6.7 - - -
0 80 [ 80
93 GAS ANLER, RH B 8
57C Water Vapor Monitoring 1/dy 5.0 0.8 1/dy 5.0 0.6
. 5 1 5 1
1258 METERS, ASSORTED 4 4
488 Digital Records - Recording of Instrument Data 1/dy 5.0 1/dy 5.0
494 Pressura Monitoring 1/dy 3.0 - - -
55C Nitrogen Monitoring/Total Pressure Difference [ A c A
5104 Electrical Power System for Experiment Support 2 min/dy 2,0 2 min/dy 2.0
5124 Electrical Amperage Measurements 5 min/dy 5.0 5 min/dy 5.0
G15A Supply of Coolant 5 min/dy 5.0 _ 5 min/dy 5.0 —_—
20 * 17 *
125C METER, AO TS 1 0
149B Urine Analysis 1/wk 4.0 o
- 4 ]
126B MICROPHONE 4
644 Neise Monitoring 5 c A 0 A 0
1614 Arterial Blood Pressure 2/dy 10,0 0 - - -
TI0A Cognitive/Complex Perceptual - Speach Intellipibility 2/8 dy 10.0 0 - - -
: 20 0 0 0
126C MICROPHONE AMPLIFIER 4
161A Arterial Blood Pressure 2/ dy 10.0 0.1 2 0
10 0 0
188 PH MTR 1 0
g1B Media Preparation - Cells and Tissue 30 min/wk 8.0 0.1
149B Urine Analysis 1/wk 4.0 0.1
10 0
*payload specific




£8-1

TABLE I.

6~3. EU 5 {cont'd)

DEDICATED LAB

SHARED LAB
NO. OF CREW AVE. NO. OF CREW AVE,”
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREG. | Mmv/Day WATTS REQ'D FREQ. |MIN/DAY WATTS
157 SOUND LEVEL METER 1 1 .
64A Noise Monitering c A 0 C A o
0 0 0 a
1794 THERMOCOUPLES 3 2
T0A Air Movement C A 0 c A 0
0 [} D a
180A TRACE GAS CONCENTRATOR 1 1
594 Atmospheric Eihylene Monftoring - SENS to SOPPR @) 1/4¢C A o 1/4C A 0
[ [ 0 0
EU AVE. PWR 315/225 88/80
{Averaged over 12-Hr Shift} (320/225)




TABLE 1.6-4. DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS
E.U. § - BIOCHEMICAL AND BIOPHYSICS ANAT,YSIS UNIT

SENSOR/SIGNAL CHARACTERISTICS PROCESSING
’ Bits [Sampling (Sampling Total Total
EQUIPMENT ITEMS (E.U.4#/E.L.#) Signal | No. of per | Duration | Rate per |BitRate, | Bits coML
AND SIGNAL IDENTITY Range | Resolutlan Type | Cham. ! Sample | min/day | Chammel BPS | per Day ENTS
Autoanalyzer  (5/7)
Cn-Off Control ] 2 level 1 level Dis, 1 1 cont, 1/sen 1 8B K
Specimen/Organism I.D, 1-200 1 THg. 1 8 33 0.1/gec 1 2K
Time of Specimen 0-7 days 1 gec Dig. 1 20 33 0.1/gec 2 4K
Type of Analysis 1-30 1 value Dig. 1 5 83 . 1/sec 1 1K
Meaaured Value Variable 0.1% Dig. 1 10 38 0.1/880 1 2K
Genaral trophotometer  (5/11
Wavelength Mondtor -6V 5 mV Anal, 1 10 5 500/8ec 5000 2.7TM } For maximum
Deteotor Signal . 0.5V 15 mV Anal., 1 9 9 5000/aec 45K |24.8 M seanning rate
On/Off Control. 2 position 1 position Dis. 1 1 cont 1/sec 1 86 K
Output Range Select 1-4 1 Dig. 1 2 9 1/Bec 2 1K
Sean Speed Select 1-6 1 Dig, 1 3 9 1/sec 3 2K
Specimen I,D, 1-100 1 Dig, 1 7 9 0.1/sec 1 nagl.
Autd, Urine Analyzer (5/13) (use E.I. #7)
Power On/Off 2 positions 1 position Dis. 1 1 cont. 1/gec 1 B K -
Specimen/Organism I.D. 1~-200 1 Dig. 1 8 75 0.1/8ec 1 4K
Time of Specimen 0-7 days 1 gee Dig. 1 20 75 0,1/see 2 9K
Typo of Analysig 1-21 1 Dig. 1 5 75 0.1/sec i 2K
Measured Value Variable 0.1% Dig. 1 10 75 0.1/sec 1 BK
Audiometer _ (5/16B)
Tone Stgnal Outpat 5006 KHz 10 Hz Anal, 1 - 4 - - - Ha"ld"’"e to
Amplifier Gain 5 levels 1 level Dig, 2 3 4 1/s0c 3 1K analog equipment
Cn~Off Control 2 pogitions |. 1 position Dig, 1 1 aont, 1/sec 1 86 K
Response Keys . 1-12 1 Dig. 1 4 4 1/88c 4 1K
Tone Control ' -6V 0.06V Ansl. 1 7 4 0.1/5ec 1 negl.
Gas Sam Commutator  (5/50A .
Gas Iine being sampled 0-12 1 Dig. 1 4 cont. 1/min negl. 8K
Blood Call Coutiter 5/52
Power On/Off 2 positions 1 position Dis. 1 1 cont, 1/zec 1 86 K
Specimen/Organism I1.D, 1-100 1 Dig. 1 7 6 0.1/s8c 1 negl,
Time of Specimen 0-7 days 1 goc Dig, 1 20 8 0.1/se0 2 1K
Type of Analysis 1-7 1 Dig, 1 3 [ 0.1/8ec negl. negl.
Measured Analysis Variable 0.1% Dig. 1 10 8 0.1/Bec 1 negl.




TABLE L.6=4. DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS {Cont'd)

E.U. &
SENSOR/SIGNAL CHARACTERISTICS PROCESSING
Bits |Sampling |[Sampling | Total | Total
EQUIPMENT ITEMS (E.U.#/E.1.#) Signal | No. of per |Duration | Rate per [Bit Rate, | Bits
: AND SIGNAL IDENTITY _Range | Rasohlution Type | Chen, | Sample | min/day | Channel BPS per Day COMMENTS
Blood Clot Fibrometer (5/76L)
Power (n/Off 2 positicns 1 position | Dis. 1 1 cont 1/sec 1 86K
Specimen/Crganism I.D. 1-20 1 Dig. 1 5 4 1/min negl, negl.
Time of Specimen 1 sec Dig. 1 20 k4 1/min negl, negl.
Clotting Time 0-30 sec 0.1 sec Dig 1 9 4 1/min negl. negl.
Blood Ges Amalyzer (5/85)
Power On/off 2 poaitions 1 poaition | Dis 1 1 cont 1/sec 1 86K
Specimen I.D. 1-20 1 rig. 1 5 4 1/min negl. negl.
Time of Specimen C-7 days 1 sec Tig, 1 20 4 1/min negl, negl.
Farameter Measured & Value Varigble 0.1% Dig. 1 12 L l/min negl. negl.
005_analyzer (5/86)
o €0, Partial Pressure 05V 25V Anal. 1 8 cont. 1/eee 8 .69
& (1-20M4 Hg)
Gas Chromatograph (5/89)
Colwmn Temperature 0-300°C 5°¢ Anal. 1 8 cont. 0.1/sec 1 BIK
Detector Current 0-1 amp SmA fnal, 1 8 cont, 0.1/sec 1 69K
Carrier Gas Flow 0-2p/hr 0.05¢/hr Anal. 1 é cont. 1/min negl. K
Detector Output 0-5v 0.05¥ Ansl. 1 7 cont. 5/zec 35 3.02M
Mese Spectrometer (5/90)
on/off fontrol 2 position 1 position | Dise. 3 1 cont. 1/sec 1 86K
Maag Secan Encoder 0-L00 amu 3/2 amu Anal 1 9 5 100/sec 900 270K
Output Renge Select 4 positions 1 position | Dig. i 2 5 1/cec 2 1K
Ge3 Concentration Sensor Vaﬁiable 0.5% F8 Anal. 1 8 5 300/sec 2koo 720K
Vecwm Monitor 10710~ |1671h torr Anal 1 0 5 10/min 5 K
torr '
Mags Spectrometer, Special (5/91)
On=-0ff Comtrol 2 position 1 position | Disec. 1 1 cont, 1/zec 1 86K
Mass Scan Enceder 0-60 amu 0.5 amu Anal, 2 7 8o 60/sec 8ho h.a3m
Qutput Range Select 3 position 1 poaition | Dbig 2 2 80 1/sec L 19K
Ges Concentration Sensor Va.rﬁs,ble 0.5% F.8., Anal. 2 8 8o 300/sec 4Boo 23,0hM
Vacuum Monitor 10™4_yp-1H 1071 orr Anal. 2 30 80 10/min 10 48K




TABLE I.6-4, DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS (Cont'd)

EQUIPMENT ITEMS (E.U.#/E.L#)
AND SIGNAL IDENTITY

Hater Vapor Meters (5/93)

Moisture Content

Microphones (5/126B}

Audible Scund

Sound Level Meter (5/157)

Sound Iewvel Monitor

Trace Gas Concentrator (5/180A}

Cryogenic Temperature

98-1

E.U. 5
SENSOR/SIGNAL CHARACTERISTICS PROCESSING T
Bits |Sampling |Sampling Total Total
Signal | No. of yer |Duratfon | Rate per |[Bit Rate, | Bits
Range Repgolution Type | Chan. Sample | min/day | Channel BPS per Day COMMENTS
0-.02 gfgsid .1% F.s. mel. & 8 cont. 1/sec 6k 5. 53M
30-100 dp 1 4b hnal 8 - 20 - - - Hardwire to control consele and wide band
50=20 XHz recorder.
30-100 db 1 dp Anal, 1 7 cont, 2/sec 1k 1.21M
TG-170°P K 1°K Anal, 1 7 cont. 1/min negl. 10K
B6.662M | TOTAL



TABLEI.6-5. TYPICAL EQUIPMENT UNIT FUNCTIONAL INTERFACES
E.U. § - BIOCHEMICAL/BIOPHYSICS ANA LYSIS UNIT

E.U. CRITI-
# DESCRIPTION OF TYPICAT FUNCTIONAL INTERFACE WITH E.U. & CALITY*
1 Video and photographic documentation of measurement operations, Condueting blood 2
courts, and urine sediment analysis.

2 Processing and signal conditioning of signals from automated clinical analyzers, Analyeis 3
of dats received from gaa chromatograph and mass spectrograph for trace gas moniforing.

3 Gas chromatograph calibration, and water flow detcrminations for animal intake and output 3
measurements.

4 Centrifugation of a whole blood sample with subsequent determination of prothrombin time 3
on the plasma phase. Preparation of reagents for automated analysis and standardization
of all pH instruments.

L} Special calibration procedures for the gas chromatograph and mass spectrometer using the 1
electro-mechanical bench,

7 Storage of ancillary equipment for the gas chromatograph and autoanalyzera. 2

12 Measurement with the blood gas analyzer of arterialized vanous blood samples obtained from 2

subjects on the Rotating Litter Chair,

31 Blood gas determinations and blood cell counts supportive to metabolic and pulmonary 3

function studies {metabolic analyzer) conducted on the bicycle ergometer.

40/ ' | Determination of gas concentrations within the vertebrate holding undt by means of gas L]

41 chromatography, mass spectroscopy, and CO2 gasg analysis.

42 Use of the autoanalyzer for the determination of electrolyte concentrations in rat serum 3

obtained with the veterinary kit and hematology kit.

50 Determination of COs concentration and hu%nidity within the plant module using the CO, gas 3

analyzer and the water vapor meter.

51 Determination of radicisotope vptake in plants using the clincstat, gas clrculating pump 3

and radiation counter,

60/ Measurement of pH of tissue culture media. 2

61

70 Determination of 002 concentration and water vapor within the invertebrate cage module. 3

80 Monitoring of gas concentrations hy gas chromatography and mass apectroscopy. 3

91 Use of the andiometer, sound lavel meter and aterec headset for determining aural acuity 1

and frequency discrimination among crew members,

*1 = Mintmal
2 = Nominal
3 = Maximal
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TABLE I.5-6. COST SUMMARY -
EQUIPMENT UNIT - 5 BIC CHEM & ETOPHYSIC: ANALYSTS UNIT

IMPMENT IDENTIFICATION | DEVELOPMENT SHARED SORTIE (7 DAYS) T DEDICATED SORTIE {7 DAYS) DEDICATED SORTIE (30 DAYS) COMMER-
Time Dev. Unit No. Total Bev. Unit Na. Total Dev. Unit No. Total CIAL
- _— Type | (¥rs) ||Cost $K | Cost 3K | Req. | Cost $K [ Cost $K | Cost$K| Req. | Cost $K || Cost $K | Cost $K | Req. | Cost $K °§§Ti REMARKS
7 |AUTQANALYZR, MOLTIPLE RECESIGH 2 o 0 TO0 180 1 fslle) 700 100 1 goe: aooé)joc
8A {ANLZR ATOM ADS SPTRRH REIESIGN 3 0 a ] 0 1209 66 1 1260 4000.00
11 |ANALZR, GENL, SPECTRPHO REPACK 1 350 50 1 Laa 350 50 1 400 350 50 1 hoo 3500.00
154 |ATMOS SAMPLING-MNFD S5¥Y3 u u o o} 1 a o 0 1 o o) ) 1 ]
16B |AUDIOMETEFR REMFG 2 o a 35 5 1 4 35 5 1 ko
19 |BENCH, GEN EXPER RETESIGN 3 o 0 ] 0 100 10 1 110
508 |COMMUTATOR, GAS MNFD REDESIGN 3 ] 0 200 20 1 220 200 20 1 220
52 [COUNTR CELL REMFG 1 0 o 200 30 1 230 200 30 1 256G
53 |COUNTR COLONY AHTO REMFG 2 o} o o 0 50 10 1 60
5Lk JCOUNTR COLONY, MANUAL REPACK | 1 10 2 1 12 10 2 i 12 10 2 1 12
76L FIBROMETER-BLOOD-CLOT REDESIGN | 2 [ s} 100 10 1 110 100 10 1 110 1000,00
85 |GAS ANALYZR, AUTO PHYSIO REPACK 1 0 ) 200 50 1 250 200 50 1 250 5300.0C
86 [GAS ANALYR, COZ REMFG 2 75 10 1 85 75 10 1 a5 75 10 1 85 2200,00
89 |GAS ANALZR, GC (COMPIX) REMFG 3 G 1+ 850 120 1 G70 850 120 1 970 5200,00
90 |CAS ANALZR, MASS SPEC RETESTGN i 0 o 1000 100 1| 1100 1000 100 1 | 1100 7000, 00
9l |GAB ANALZR, MABS SPEC REMFG 2 800 100 2 1000 8co 100 2 1000 800 100 2 1000 10500.00
93 |oas awatzr, mE FRMFG 2 7 10 6 130 70 10 85 150 70 10 8 | 150 475.00
1258 [METERS, ASSORTED REMFG 2 150 1 4 154 150 1 4 154 150 1 k4 15k
125C|METER AO TS MINIMAL 0 0 0 3 1 1 4 3 1 1 b 300.00
126B|MICRCFHONE REPACK 1 o ] 4 Q 0 o 5 o o s 5 0 150.00
126C{MTCROPHONE AMPLIFIER REMFG 3 20 2 2 2k 20 2 L 25 20 2 N 28
138 |FPB METER REMFG 1 0 0 150 20 1 T 170 150 20 1 170 600,00
137 |SOUND LEVEL METER REMFG 1 30 5 1 35 30 5 1 35 3a 5 1 35 2500.00
175A] THERMO COUPTES MINIMAL Q i 1 2 3 1 1 3 4 1 1 3 n
18CA| TRACE GAS CONCTRATR REDESICN | 2 200 10 1 21 200 10 1 210 200 i0 3 230
TUTAL COST ESTIMATE 1706 ahT 2053 5109 823 5932 Ghgl 928 Thee




1.7 EQUIPMENT UNIT 6/7 - MAINTENANCE, REPAIR & FABRICATION UNIT (8),
AND ANCILLARY STORAGE UNIT (7)

I.7.1 FUNCTIONAL CAPABILITY. Equipment unit 6 is intended to provide for main-
tenance, repair, or fabrication of payload equipment. For the short 7- and 30-day
missions under consideration for the Sortie Module, the primary function will be one of
maintenance, with minor emphasis on repair and fabrication. Equipment unit 7 is an-
cillary storage space for primarily consumable items. A summary of the pertinent
properties of E.U. 6/7 is given in Table I.7-1.

1.7.2 EQUIPMENT ITEMS. Major equipment items in E.U. 6 include a hand cleansing
and sterilization device, waste solids compactor, clean-up kit, tool kit, and electronic
equipment for the maintenance and calibration of electrophysiological sensors. Equipment
unit 7 consists of storage cabinets. The complete equipment list is given in Table 7-2,
and equipment volume and placement are shown in Figures I.7-1, -2, and -3.

I.7.3 OPERATIONS AND INTERFACES.

Equipment Operations Analysis - See Tahle 1, 7-3.

Consumables - Minor consumables are used in E.U. 6 such as plastic bags, com-
pactor bags, wipes, etc. These weigh a few pounds and present no spegial problems.

The major consumable in E.U. 6 is water for use in the hand washer (E.I. 494),
Conservatively assuming no water purification and reuse for the 7- and 30-day missions,
the fresh water required was estimated to be approximately 10 1b/day or approximately

70 Tbs and 300 Ibs for the 7- and 30-day missions.

Electric Power -~ Average electric power required for E.U. 6/7 is quite low and
is shown in Tables L. 7-1 and I.7-3. The tool sterilizer (E.I. 165) was assumed to re-
quire a.c. since it operates on an induction heating principle. The other power required
was assumed to be 28 v. d.c. Peak power for the Shared 7-Day Laboratory was esti-
mated to be approximately 400 watts when the hand cleaner (300 w) and several other
small power consumers are on. For the dedicated laboratories, peak power may oc-
casionally be as high as approximately 900 watts when the hand cleaner, compactor,
and sterilizer are on.

Heat Load - The average on-duty heat loads correspond to the average electrical
power consumption and are very low. Probably these heat loads will be dissipated to
the cabin air.

Typical .Equipment Unit Functional Interfaces — Typical functional interfaces for
E.U. 6 are shown in Table I.7-4. E.U. 7 provides the same function (storage) for any
of the other equipment units in the payload which require it.

1.7.4 EQUIPMENT ITEM COST SUMMARY - See Tables I.7-5 and L. 7-6.
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SUMMARY OF PROPERTIES

TABLE L.7-1, E.U. 6/7, MAINTENANCE, REPAIR & FABRICATION/ANCILLARY STORAGE

[ Shared Dedicated Dedicated
Property 7-Day Lab | 7-Day Lab |30-Day Lab
Numbor of Racks & Consoles: 1 1 1%
Volume, dnf (ff*), Total 744 _(263) 744 (263)| 1116{394)
Racks & Consoles 372 744 1118
Distributed & Extra Items 0 0 0
Small Storage Items (Misc.) 0 0 0
Fixed Weight, kg (1b) 94 (207) 156 (343) 331 (728)
Electrical Power, w
On Duty* Average Power, Total 10 27 27
~Estimated d.ec. 10 14 14
Estimated a.c. 0 13 13
Off-Duty* Average Power, Total 0 0 0
Estimated d.c. 0 0 0
Estimated a.c. 0 0 0
Estimated On~Duty Peak Power 400 900 800
Heat Rejection, wt
On Duty Load, Total 10 27 27
Estimated Air Cooled Load 10 27 a7
Estimated Cold Plated Load 0 0 0
Off Duty Load, Total 0 0 0
Estimated Air Cooled Load 0 0 0
Estimated Cold Plated Load 0 0 0
Development Cost, $K 238 303 303
Unit Cost, $K 54 81 107
*12 Hours
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TABLE I.7-2. EQUIPMENT ITEMS (EIs) CONTAINED IN EQUIPMENT UNIT # 6/7 -
MAINTENANCE, REPAIR & FABRICATION UNIT (6) AND ANCILLARY STCRAGE UNIT (7)

No. of
Tnits Cogt
Reqd, ¥*| Unit Unit Unit Develop.
‘ E.I. |Shared, | Wolght | Pwr¥**| Volume (Unity+
E.L Name No.*i Ded, |kg{b.) | watts |am®@t™)] $K Comments
) ! E.U. § -~ Maintenance, Repair & Fabrieation Unit
Bags, Plastlc 16E ' 60 0.05 |0 .03 0 Gas Permeable, for waste aterilization and storage.
125 (0.1) ©.001) | (®
{250)
Cleaner, Hand, 1494 11 45 300 57 50 Washer for hand cleansing and atgrilization. Con-
Sterilizer f 1 (100) (2.0) (5) ceptual design item. Wt. & vol. include water
: 4) eetimated at 10 Tb/day. The 4 units required for 30
i ! days is to account for the exira water required only.
Compactor (Solids) L 50B , 0 18 100 113 14 Waste Compactor. Similar to commercial models.
E 1 (40) .0) )
0.2)"
Electrometer 7 69A ¢ 1 ] 46 ir 0 For measurement of bicelectric potentials.
! 1 an {0.6) {15)
(0.6)"
Kit, Clean-up : 1064 I 2.3 0 5.7 i} General purpose sponges, wipes, etc.
| 1 (5) 0.2) e8]
Kit, Linear Measurement | 109 | 0 9 0 57 0 Rules, calipers, grids, ste.
i 1 (20) 2.0 0 ]
Kit, Organism Holding/ 110B| 1 9 1} B7 25 Tools and equipment used during tranafer of
Managamant ; i (20} 2.0 (3) organisms, cleaning cages, etc. Tongs, harnesses,
} ate.
Kit, Genl. Tool P 113 1 g9 50 28 40 Pliers, ac¢rewdriver, cutters, Flashlight, scissord,
1 (20} (1.0} (5) clamps, ete.
Sensors, Assorted i 1588 & 0.5 0 0.3 15 Experiment gpecific.
| 12 (1) 0.0 | @
: (16)
Sterilizer, Tool 165 0 0.5 500 2.8 40 For individual tools. Eleetric heater device.
1 (1} 0.1} an
{0.1y"
Tags, I.D., Organism 168A( 1 0.05 1] 0.03 0 Identification Tage, package of 16. Experiment
’ 2 {0.1} {0.001) | (0} apecific. .
Trash Can 1B1G} O 0.5 0 28 10 For inert waste material (paper, plastic, ete.)
1 1) (1.9} (01)]
Voltmeter, DVM 185 1 1 5 0.3 12 Digital Voltmeter, General purpose
1 (2} {0.01) 2)
ay
E.U. 7 - Anolllary Storage Unit
Chemical Storage 45 1 9 0 57 20 General purpose, cahin temperature, sealed, hold-
Cabinet 1 (20) {2.0) {10} downs, ete. Coneeptual design item.
Storage, Cenl. 1878 1 4.5 0 23 1 For general inert solHd material.
2 (10.0) (1.0) v
4)
Storage, Film 187¢1 0 23 0 28 1 ¥ilm Cabinet, Iead lined for protection from high
1 (50} (1.0 1) encrgy particles
(2) :

+ EI Mo. in porentheses in this column indleatos that the item i8 needed only for the dedicated 30-day mission.

#% Number of tnits (Els) required in shared laboratory is given by the upper number, and the mumber required in the dedioated
laboratories ia shown by the lower mimbera, Parenthedes Indicate the numher required for the 30-day laboratory (only If it is
dffarant from the number required for the dedicated 7-day laboratory).

***  Average power while equipment is operating.
+ The top mumber (unparenthesized) is development cost. The parenthesized pumbers are unit costs, and a plus (+) Indlcates a
unit cost value for n commercially available itam intended for ground use.
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EQUIPMENT ITEMS IN CONSOLE

E.I, Number & Name

FIGURE [,7-1 EQUIPMENT VOLUME AND FLACEMENT
Shared 7-Day Laboratory

E.U,6/7 Maintenance, Repair, and Fabrication Unit and Ancillary Storage Unit

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS
CONSOLE {0.61 m deep) (Mot in Rack or Console)

Vol, Vol.
dm® E.I. Number & Name dm3

'In Bottom of Console:

16E
45
40A
69A
1064
114B
113
153B
167B
168A
185

Plastic Bags
Chemiecal Btorage
Hand Cleaner
Electrometer
Clean-up Kit
Organism Holding Kit
Genl, Tool Kit
Assorted Sensors
General Storage
I.D, Tags
Digital Voltmeter

None

57
57 Excess
17 2.0m
' 57
28

28
negl,

Taotal
Excess Volume
Allowance

negl, .
2_5%— / wo{K A{EA/ :

29 / 0.46 m|
, gl

SURFACE /
45 484
16E ] 0.76 m
106A
1538 | 9A
110B
113

Axcess) 167B
-

v

{———— 0.61m —
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FIGURE I, 7-2 EQUIPMENT VOLUME AND PLACEMENT

Dedicated 7~Day Laboratory
E,U,6/7 Maintenanee, Repair, and Fabrication Unit and Anetllary Storage Unit

EQUIPMENT ITEMS IN CONSOLE DISTRIBUTED OR EXTRA EQUIPMENT ITEMS
CONSOLE (0.61 m deep) {Not in Rack or Console)
Vol, 153H Vol,
E.I. Humber & Name dm® 1634l 113 167C E.I. Number & Name dm?
Tn Top of Console: Eoonso - 185-
m. Storage 57
106A Clean-up Kit aT None
110B Organism Hold. Kit a7 .
113  Genl. Teol Kit 25 45 1064
153B BSensorg 4 2.0m
167B General Storage 56
167C Film Btorage 28
1684 I1.D, Tagse negl,
185 Digital Voltmeter negl, 1108 167B
Total 287
Excess Volume
Allowance negl, / < / /
In Bottom of Console: WORK AREA :
18E Plastic Bags 4
49A Hand Cleaner 57 0.46
50B Waste Compactor 113
69A Elcctrometer 17
108 Linear Measurement Kit 57 /WORK SURFACE 1
165 Toul Sterilizer 3 -
181G Trash Can 28
Total 278
Excess Volume 109 424
Allowance negl,
0.7 m
16E
694,
165
50B
181G
1
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EQUIPMENT ITEMS IN CONSOLE

E.I. Number & Name

FIGURE I.7-3 EQUIPMENT VOLUME AND PLACEMENT

Extra Equipment for Dedicated 30~-Day Laboratory*

E.U,6/7 Maintenance, Repair and Fabrication Urit and Ancillary Storags Unit

DISTRIBUTED OR EXTRA EQUIPMENT TTEMS

16E
494
153B
1678
167C

Plastic Bags

Hand Cleaner (water tanks)
Sensors

General Storage

Film Storage

Total

Exceas Volume

Allowance

Dedicated 7-Day Laboratory

Ux 0.76 m
E,U,.5 .
*0ther equipment required is identical to that in the _ \ \\

N N\

CONSOLE (0.61 m deep) (Mot in Rack or Console)
Voia. ] Escess ] Vol,
dr’ i E.I. Number & Name dm?
/ 16E
¢ 153B 1678 None
171
187C
2 e
56
28 2.0m
261
29 494

/ WORK QEA/

/ 0.46 my
)

‘WORK SURFACE

—— 0.6lm —



EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatic function

designates payload or experiment specific

high use frequency by crew

bracket data is for the 30-Day Dedicated Laboratory only
Included in ET 32A

part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same as No. 2 above

S e e
S’
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TABLE I, 7-3B. EQUIPMENT OPER ATIONS ANALYSIS - EQUIPMENT UNIT 7. ANCILLARY ETORAGE UNIT

DEDICATED LAB

SHARED LAB
NC, OF CREW AVE! NO. OF CREW AVE,”
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MIN/DAY [ WATTS REQ'D FREQ, |MIN/DAY WATTS
45 CHEMICAL STORAGE CABINET 1 1
824 Work bench clearup 3fdy 25,0 ] 2/dy 20.0 0
3154 Total body water 1/wk 12,0 0. - - -
37 0 20 ¢
1678 STORAGE, GENERAL 2 1
43B Digital records @) 1/dy 5.0 ] 1/dy 5.0 ]
44B Anslog records 1/dy 5.0 0 1/dy 5.0 0
83C Workbench sterilization 4/dy 45.0 o 2/dy 35.0 0
55 [ 45 0
167C - STORAGE, FILM 1 ]
B83A Radiation monjioring throughout Iab 2) C A 0
0 ¢
EU TOTAL 0/0 0/0
0/0)
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TABLE 1.7-3A. EU 6 (cont'd)

DEDICATED LAB SHARED LAB
NO. OF CREW AVE; NO. OF CREW AVE,”
EQUIP. 1ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIFMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/ DAY WATTS
i85 STERIIIZER, TOOL 1 0
844 Organism subculturing - cell & tissue 8/dy 19.0 13.2
19 13
1684 TAGS, ID, ORGANISM 2 1
68A Organism identification flm C A 0 C A [i]
T2A " " video recds, c A 0. [ _A 0
) 1] 0 a
181G TRASH CAN 1 0
518A Trash disposal 2 min/dy 2.0 0
2 0
185 VOLTMETER, DIGITAL 1 1
5114 Elect.- contihuity & voltage measmts. 5 min/dy 5.0 @2 § min/dy 5.0 0.2
a a 5 1]
EU TOTAL 27/0 10/0
(27/0)
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TABLE I.7-3A. EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 6.

MAINTENANCE, REPATR, AND FABRICATION UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE! NO. OF CREW | AVE.
EQUIP, ITEMS FUNCT, TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D . FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
16E BAGS -~ PLASTIC, FERMEAEBLE 125 a0 .
9TA Experiment waste management (250) 10 min/dy 10.0 0 10 min/dy 10,0 0
- 10 0 10 [}
494 CLEANER, HAND, STERILE 1 1
B2A Work bench cleanap 3/dy 25.0 10.4 2/dy 20.0 8.3
25 10 20 a
508 COMPACTOR (S0LIDS 1 0
5184 Trash disposal 2 min/dy 2.0 Q.2
2 ¢
69A ELECTROMETER 1 1
511A Elect. contimuify and voltage measmts 5 min/dy 5.0. 0.3 § min/dy B.0 0.8
5 1} 5 (1}
106A KIT, CLEAN-UP 1 1
517A Clean-up, Hquid and solid 5 min/dy 5.0 0 5 min/dy 5.0 [
950A Routine equipment maintenance 10 min/dy 10.0 ) - - =
15 0 B 0
108 KIT, LINEAR MEASUREMENTS 1 [1]
855A Musele strength and size 2/wk 7.0 0
7 ]
110B KIT, ORGANIEM HOLDING/MANAGEMENT 1 1
6A Urine management 1/wk 20.0 0 1/wk - 20.0 0
20 o 20 0
113 KIT, TOOL, GENERAL 1 1 _
a2A Wwork bonch cleanup 3/dy 26.0 1.7 2/dy 20.0 1.4
83A Work bench sterilization 1/dy 10.0 0.7 1/dy 10.0 0.7
BOTA Liquid tranafer 10 min/dy 10.0 0.7 - - -
9504 Routine equipment majntenance 10 min/dy 10.0 0.7 - - -
b6 4 30 2
163B SENSORS, ASSORTED 12+ G+
165B Event monttoring (16)
508A Vacuum supply
515A. Supply of coolant

*{Jae 18 payload and/or experiment specific.
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TABLE I.7-4. TYPICAL EQUIPMENT UNIT FUNCTIONAL INTERFACES -
E.U. 6 - MAINTENANCE, REPAIR AND FABRICATION UNIT

CRITI-
EU # DESCRIPTION OF INTERFACE WITH E.U. 6 CALITY*
3 Transfer of waste materials to compactor or waste can. 3
4 | Biological organism maintenance by the use of the LFB in conjunction with the Organism Holding 3
and Management System.,
12 Linear measurement of selected anatomical sites in addition to body mass measurements for 1
zero-g adaptation studies in man.
40/ | Maintenance of vertebrate organisms using the organism holding and management kit, solid waste 3
41 compactor and clean-up kit.
50 | Maintenance of plant specimens using the tool sterilizer, plant tool kit and linear measurement 3
kit.
70 | Determination of invertebrate growth by use of the linear measurement kits within the LFB; 2
procedure also requires anesthesia equipment and microdissection kit.
* 1 = Minimal, 2 = Nominal, 3 = Maximal.
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TABLE L.7-5. COST SUMMARY -
EQUIPHENT UNIT - & MAINTENANCE, FABRICATION & REPATR UNIT

| . EOUIPMENT IDENTIFICATION DEVELO: TEiIill; D;HA wr;I i;RT 1(:0].3 ysjm mm i Dgf?ICAT%zi fonn:.‘r 0(_7 DATYDSt]a - ]ﬁ?'I.CATET‘?dStOR'I'IEN(:? DA’Eft)a - COSILI;IER- _—
No. Title Type | (¥re) |Cost $K | Cost $K | Req. | Cost $K | Cost $K | CostSK| Req. | Cost $K J Cost SK | Cost $K | Req. | Cost $K | COSIS
16E BAGS PIASTIC PERMEABL U u 0 0 60 0 o] o] 125 0 o] o] 250 0

494 | CIEANR, HAND, STERIL RETLESTGN 1 50 5 1] 35 50 5 1 53 5Q 5 b 70

50B | L8PS COMPACTOR SOLIDS REMFG 1 0 s} 14 3 1 61 1k 2 1| 16 200.00
608 EIECTROMETER REMFG 2 70 15 1 85 70 15 1 as 70 15 1 85 550.00
106A | KIT, CLEAN UP REPAIR 1 5 1 1 [ 5 1 1 6 5 1 b 3

109 | KIT LIVEAR MEAS MINIMAL 0 0 o Q a 1 e o o} 1 o

110B | KJT ORG HLDG/MGMT REMFG 2 25 3 1 28 25 3 1 28 25 3 1 28

113" | ¥KIT TOOL GENERAL REMFG 2 Lo 5 1 45 40 5 1 hs 40 5 1 ks

1538 !smsons, ASSORTED REPATR 2 15 2 & 27 15 2 12 3g 15 2 16 47

165 STERILIZOR, TCOOL REPAIR 1 ] 0 40 10 1 50 Lo 10 1 50 45,00
1684 | TAGS ID ORGANTISM MINIMAL 0 o] a 1 [v] o] 0 2 o] 0 o] 2 o]

181z | TRASH CAN REMFG 1 0 0 10 1 1 1 10 1 1 11

185 VLT MTE (DWM) REMFG 1 12 2 1 1k 12 2 1 14 12 2 1 14 1000.00

TOTAL (OST ESTIMATE 217 b3 260 281 68 345 281 91 372
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TABLE L7-6. COST SUMMARY -
BQUIPMENT UNIT - 7 ANCILIARY STORAGE UNIT

) B 7
. DEYELOPMENT SHARED SORTIE (T DAYS) DEDICATED SORTIE {7 DAYS) DEDICATED SORTIE {30 DAYS} COMMER-
Time Dev, Unit Wo. Total Dev. Unit No. Tatal Dev. Unit No. Total CIAL
Lﬁn Tiile _Type {rra) [[Cost $K | Cost 3K | Req. | Cost $K | Cost $K | Cost $K] Reg. | Cost $K | Cost $K | Cost $K | Req. | Cost $K i COSTS REMARKS
45 CHEM STOR CABTNET MINIMAL i 20 10 1 30 | 20 10 1 30 20 10 1 30
1678 | STORAGE, GENL MINDIAL | 1 1 1 1 2 1 1 2 3. 1 1 4 5
167C | STORAGE, FIIM MINIMAL 1 o a 1 1 1 2 1 1 2 3
f
ESTIMATED TOTAL COS‘I‘ 21 11 32 22 13 35 22 16 38




1.8 EQUIPMENT UNIT 11- AIRLOCK & EVA CAPABILITY

I.8.1 FUNCTIONAL CAPABILITY & SUMMARYDATA. This equipment unit includes
the major items required for EVA activities in support of life sciences testing. By
NASA direction, EVA test activities will not be performed aboard the shared labora-
tory. Therefore, EVA equipment is needed only aboard the dedicated laboratories.
The summary of pertinent properties for this E,U. are given in Table I.8~1.

I.8.2 EQUIPMENT ITEMS. This equipment unit includes an air lock, teleoperator
control console, and pressure suits, Table 8-2, The Shuttle Orbiter airlock will be
used for EVA. The Sortie Module has no provisions for a pressure suit ventilation

circuit. Thus, portable life support systems (PLSS) backpacks will be used during

suited tests, These are included in E.U. 80, Life Support Subsystem Test Unit,

A rack is provided for the storage of the four pressure suits in this equipment unit,
Figure I.8-1.

I.8.3 OPERATIONS AND INTERFACES,

Equipment Operations Analysis - See Table 1.8-3.

Data Reguirements - See Table I.8-4.

EVA Operations (On-Orbit) - Crew EVA experiment operations will be conducted
in complete conformance with the general EVA procedures for the use of the Shuttle
airlock. It is anticipated that two crewmen at a time will participate in EVA activities.

¥.8.4 EQUIPMENT ITEM COST SUMMARY - See Table I.8-5.
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TABLE L. 8-2. EQUIPMENT I'FEMS (Els) CONTAINED IN EQUIPMENT UNIT #11 -
AIRLOCK EVA CAPABILITY

iNo. of
+ Units Cost
‘Reqd.d| Unit Unit Unit Davelop.
E.I. Shared, | Weight | Pwr*** Volum, (Unit)*
E.I. Name No.* Dod. |kg(b.) | watts |dm® ()| 3K Comments
Air Lock a0 - - - - Part of apacecralt structare.
. 1
| L
Teleoperator Control l 11841 O 91 40 283 1000 For MSI tests on astronauts' ability to do EVA tanks
Console | " (200) 0.0y | 50y remotely from inside apacecraft. Contral panel with
i switches, levers, viewing soreens and windows, ete.
Spacesuit 172 L0 36 1 198 0 For .use in conjunetion with MSI performance teeta.
4 (80} {7.0) @

%k

Ak

EI No. in parentheses in thls column indicates that the item 18 needsd only for the dedicated 30-day misslon.

Number of units {EIs) required in shared laborgtory is given by the upper mumber, and the mimbar required in the dedicated
lshoratories 15 shown by the lower numbers, Parentheses indicate the number required for the 30-day laboratery (only if 1t is
difforent from the number required for the dedicated 7-day laboratory).

Average power while equipment 15 oparating.
Tha top pumber (unparenthesized) is development cost. The parenthasized nzmbers are undt costs, ond 8 plus (+) indicates a

unit eost value for a aommerclally available ftem intended for ground use.
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TABLE I.8-1. E.U, 11, AIR LOCK & EVA CAPABILITY -

SUMMARY OF PROPERTIES

Sharcd Dedicated Dedicated
Property Y~Day Lab | 7-Day Lab |30-Day Lab
Number of Racks & Consoles 0 1 1
Volume, dm’ (ff°), Total 0 T44263)  744(263
Racks & Cousoles 744 744
Distributed & Extra Items 283 283
Small Storage Items (Misc. ) 0 0
TFixed Weight, kg (Ib) 0 235 (617) 235 (617
Electrical Power, w
On Duty* Average Power, Total 0 [¢] 0
Estimated d.c.
Estimated a.c.
Off-Duty* Average Power, Total 9 0 0
Estimated d.e.
Estimated a.c.
Estimated On-Duty Peak Power 0 40 40
Heat Rejection, wt
On Duty Load, Total 0 0 0
Estimated Air Cooled Load
Estimated Cold Plated Load
Off Duty Load, Total [ ] 0
Estimated Air Cooled Load
Estimated Cold Plated Load
Development Cost, $K 0 100.0 1000
Unit Cost, $K 0 58 58
*#*12 Hours
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EQUIPMENT ITEMS IN RACK

Vol,
E.I. Number & Nomse dend
172 Pressure Suita 792
Total 792
Excess Volume
Allowance None

FIGURE 1. 8-1 EQUIPMENT VOLUME ANO PTACEMENT
Dedicated 7 and 30 Day Laboratories

EU,31 Airlock/EVA Capability

RACK {0.01 m doup}

2.0m

s —— 0.01 m ————%

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS

(Mot in Ruok o Cunsolo)

E.I. Number & Namo

3B

1194

WYul,
dmd
Airlock - part of spacecraft
structure
Teleoperator Control Congocle 283
Total 283



EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatic function

designates payload or experiment specific

high use frequency by crew

bracket data is for the 30-Day Dedicated Laboratory only
included in EI 32A

part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same as No. 2 above

Gl 020 H— 4 % 'n oy
St
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TABLE L.6-3. EQUIPMENT OPERATIONS ANALYSIS ~ EQUIPMENT UNIT 11. AIRLOCK/EVA CAPABILITY UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE. NQ. OF CREW AVE.
EQUIP, . ITEMS FINCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/ DAY WATTS
3B ATRLOCK, EVA 1 0
523A, Ingress/egress (laboratory~EVA)
119A TELEOPERATOR CONSOLE 1 [t}
8484, Remote manipulation 30 min/wk 8.0 0.3
6 0
172 SPACES{IT + 50 FT UMBILICAL 4 0
840B Max. mass transportable 5 min/wk 1.0 0
841B Max, volume transportable " 1.9 L]
842B Max. transportable MOI about handle " 1.0 0
B343B Max. mass alignahla " 1.0 0
B44B Max. volume alignable " 1.9 0
845B  Max. alignahle MOT ahout handle " 1e 0
6 o
EU TOTAL o/o 0/0

0/0)




TABLE I.8~4, DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS

E.U. 11 - ATRLOCK & EVA CAPABILITY

SENSOR/SIGNAL CHARACTERISTICS PROCESSING .
Bite |[Sampling |Sampling Total Total
EQUIPMENT ITEMS (E.U.#/E.1,.#) Signal | No. of per DureHon ! Rate per |Bit Rate, [ Bits
AND SIGNAL IDENTITY Range Rezolution Type | Chan. Sample | min/day ! Channpel BPS per Day COMMENTS

Airlock (11/3B ‘

Pressure Senscr Monitor 0-15 psia 0.2 psia Angl, h 7 cont, &/min 1 S0K

Tempersturs Sensor 20-30°C 0.2°¢ Anal. 1 6 cont, &/min. 1 S2K
Teleoperator Control Console [11/1194)

On-0ff Control 2 level 1 level Dise, 1 1 aont, 6 /min 1 GOK

Numeric Keyboard 0-10,000 1 Dig. 1 1L 13 1/sec 1k 5K

177K TOTAL
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TABLE I,8-5. COST SUMMARY -

EQUIPMENT UWIT-C11 ATRLOCK/EVA CAPABILITY UMIT

TIPMENT. IDENTIFICATION | DEVELOPMENT SHARED SORTIE {7 DAYS) DEDICATED SORTIE (7 DAYS) ]| DEDICATED SORTIE (30 DAYS) OMMER-
Time Dev, Unit No., Total Dev. Unit No. | Total [ Dev. Unit No. | Total CIAL
o Titla Type. ryrsy |cost $K | cost 8k | Req. | Cost $K || Cost 8K | Cost $K| Reg. | Cost $K || Cost $K { Cost $K | Req. | Cost $K ] COSTS REMARKS
3B | AIRIOCK, BVA - - ] - - 1 - - 1 SORTIE SYSTEM
1194 | TEIEOPERATOR CONTROL CONSOLE RETESIGN 3 o 1000 50 1 1050 1000 e 1
172 SPASUIT + SOFT UMBILICAL MINIMAL 1 a 0 2 4 a 0 2 N !
TOTAL COST ESTTMATE 0 o 1000 . 58 1058 1000 58 1058




1.9 EQUIPMENT UNIT 12/31 - BIOMEDICAL/BEHAVIORAL RESEARCH SUPPORT
UNIT (12), AND BIOMEDICAL RESEARCH SUPPORT UNIT (31)

I,9.1 FUNCTIONAL CAPABILITY & SUMMARY DATA. These equipment units contain
equipment intended to provide the functions necessary for M.8.I. and biomedical re-
search. Equipment unit 31 contains equipment necessary for biomedical research but
not needed for M.S.I. research. Equipment unit 12 contains equipment necessary for
both M.S.I, and biomedical research. In this way, if only M.S.I, research is to be
performed aboard a payload, E.U. 12 is selected for inclusion in the payload comple-
ment of equipment. However, if biomedical research is to be done, both E,U. 12 and
E.U. 31 are required.

The summary of pertinent properties of E.U. 12/31 are presented in Table I.9-1,
[.9.2 EQUIPMENT ITEMS. Major equipment items in E.U, 12/31 are the body mass
measurement device, experimenter's control console, electrophysiology display, ro-
tating litter chair, and bicycle ergometer. The complete list is shown in Table I, 2-2,
and the volume and placement of the equipment items are shown in Figures I.9-1 and
I.‘ 9-2.

1.9.3 OPERATIONS AND INTERFACES,

Equipment Operations Analysis - See Table 1.9-3,

Data Requirements - See Tahle I, 9-4.

Launch and Re-entry Operations ~ These equipment units support tests requiring
man as a subject. Thus, it is anticipated that the equipment in these equipment units
will not be operating during ascent or descent. Also, no particular launch or recovery
problems are foreseen.

Electrical Power ~ Average power values for each laboratory were obtained from
Table I.9-3 and are summarized in Table I.9-1. Peak power for E.U, 12/31 was
estimated as follows:

Potential Simultaneously Operating High Power Consumers

Peak Power Confribution, w
Shared Dedicated Dedicated

E.I. # & Name 7-Day Lab 7-Day Lab 30-Day Lab
Average On~Duty Power 26 56 56
51D Control Console 0 96 96
153A Litter Chair 163 141 141
TOTALS 189 291 291

Approx. Peak Power Assumed 200 300 300
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In the table, the power confribution shown for the individual equipment item was re-
duced by the amount of its contribution to the average power for each laboratory.

In estimating the amount of a.c. and d.c., it was found that the current IMBLMS
rotating litter chair was the only item specifically requiring a.¢. The rest of the
power consumers shown in Table I.9-3 appear to be compatible with the use of d.c.
power.

Heat Rejection - E.U. 12/31 heat rejection corresponds to the elecirical power
consumption. The average quantities are small and were all assumed to be rejected to
the cabin air., The largest single power consumer is the rotating litter chair. Re-
viewing the IMBLMS descriptions of this item, it is apparently naturally air-cooled.
All other equipment items do not reject enough heat to warrant cold plating (unless
done collectively in cold plated cabinets).

Typical Equipment Unit Functional Interfaces - See Table 1.9-5.

1.9.4 EQUIPMENT ITEM COST SUMMARY - See Tables [.9-6 & 1.9-7.
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Shared

FABLE I.9-1. E.U. 12/31, BIOMEDICAL/BEHAVIORAL RESEARCH SUPPORT UNIT/ BIOMEDICAL
RESEARCH SUPPORT UNIT - SUMMARY OF PROPERTIES

Dedicated

S——

Dedicated

*12 Hours

Property T-Day Lab | 7-Day Lab [ 30-Day Lab
Number of Racks & Consoles 1 15 15
Volume, dnf (f'), Total 5132 (181) {5504 (194) | 5504 (194)
Racks & Consoles 744 1116 1116
Distributed & Extra Iftems 4388 4388 4388
Small Storage Items (Misec.) 0 0 0
Fixed Weight, kg (Ib) 326 (717) 383 (843) 383 (843)
Elecirical Power, w
On Duty* Average Power, Total 26 56 56
Estimated d.ec. 9 17 17
Estimated a.c. 17 39 39
Off-Duty* Average Power, Total 6 6 8
Estimated d.c. 6 6 6
Estimated a.c. 0 0 0
Estimated On-Dufy Peak Power 200 300 300
Heat Rejection, Wt
On Duty Ioad, Total 26 56 56
Estimated Air Cooled Load 26 56 56
Estimated Cold Plated Load 0 0 0
Off Duty Toad, Total 6 6 6
Estimated Air Cooled Load 6 6 6
Estimated Cold DPlated Ioad 0 0 0
Development Cost, $K 577 794 794
Unit Cost, $K 373 446 446

I-112



TABLE I,9-2. EQUIPMENT TTEMS (EIs) CONTAINED IN EQUIPMENT UNIT # 12/31,

BIOMEDICAL/BEHAVIORAL RESEARCH SUPPORT UNIT (12), BIOMEDICAL RESEARCH SUPPORT UNIT (31)

] X
- iNo. of
+ Unita Cost
"Reqd.®#*| TUnit Unit Unit | Develop.
E.1. Shared, | Weight | Pwr+* Volumg (Unity*+
E.L Name No.* Ded. kg (b.) | watts |dm? '} SK Commants
E.TU. 12 - Biomedipal/Behgvioral Research Support Unif,
Cusiom Bite Doards I18D - 0.2 i} 0.03 1 Stainless steel bits boards with cast materials of each
© 3 {0.5) {0.001} | (1) subject's dental impressions to precisely and com-
E ; fortably position the head,
Body Mass Measurement ;19D | 1 11.4 2 793 20 IMMass Measurcment Device, for human subjects.
3 1 25) {28) 20) Envelope volume shown when in use. Skylab equipment
i 1
Control Console, ‘61D | © 45 100 170 150 For biomedical and MSI experiments. Allows real-
Experimentar ‘ o1 (100) (6.0) (50) time on-board control of experimental stimali.
Electrophysiology i} 658 1 2.3 a 5.7 100 Signal Transmititer, for use on human subjects.
Backpack | 1 (5} (0. 2) (25} For ECG, E0GQ, EEG, ete.
! ©.9)*
. 1
Electrophysiology 1 65¢C 1 4,5 5 14 100 For receiving and diseriminating signals transmitted
Receiver 1 a0 (0.6) 25 from E.I. 65B.
{3.3y*"
Electrophysiclogy Display | 66D 1 18 20 28 100 Portable, to be used in conjunction with E.I, 658 and
! 1 (40) (1.0) (25) E.I. 65C.
! @.2)y"
Non-Visual Direction | 181E 1} 4 0 2.8 2 Pointer and display device o test human subjects'
Indicator | 1 2} {0.1) (2) non-viaual orlentation eapability. Skylab device.
Otolith Test Goggles '133 i 0.5 0 2.8 20 Goggles with special built-in optics and visual
1 (1) (0.1} (20) images.
Psychogalvanometer, GSR = 144B 1 0.5 1 .3 1 For measuring galvanic skin response. Coupler.
) 2 L {0.01) ) May he incorporated in E.I. 65B.
Recorder, Voice ' 153 0 4.5 0 2.8 35 General purpose, portable.
: 1 {10} {0.1) (5)
Rotating Litter Chair ; 1534 1 120 180 23830 20 Articulated rotatable chair for tests on man. Volume
! 1 (265) {100.0} | (200) shown is approximate envelope volume when in use.
: 8kylab equipment.
f E.U. 31 - Biomedical Research Support Unit _
Coupler, Ballisto- i 16F 0 0.1 1 1.0 5 Sea E.I. 156 definition sheet, E.T. 2.
Cardiogram ! 1 (0.2) (0.036) | (L)
Bicycle Ergometer { 1BC 1 45 48 765 5 Developed for Skylab. Volume shown is envelope
! 1 (100) 27.0) (3) required when in use.
Camera, Iris, 30 mm ‘38 1 0.7 0 5.7 20 Special camera for human iria photography during
“ 1 (1.5) (¢.2) (20) tests on luman eye movement.
Flowmeter, Doppler . 76K 2 0.5 i 0.3 5 Blood Flowmester. Doppler type for measurement of
! 2 1.0) (0.01) 1) pulge velocity and contoar in conjunction with ECG.
FPE specific.
.
Coupler, Impedance 14E 0 0.2 1 0.3 5 Definidon sheet for E.I, 156, E.U. 2 applies.
Cardlogram 2 0.5) .01y | (1)
Impedance Pneumograph | 104F 0 0.2 1 2.8 10 To measure breathing cycle characteristics as well
1 (0;’5) (¢.1) 2) as variations in thoracic conduction during
respiration.
Kit, Physiclogy 110C 1 6.8 0 57 100 Sponges, sponge sgqueezer, viala, calorie atimulator
1 {15) {2) 10 for ear canal, questlonnaires, syringes, thermom-
eter, tonometer, etc.
Kit, Medical-Surgical 112 1 9 0 28 40 For various minor surgical procedures. Forceps,
1 (20} 1.0 L)) knife holder, scissors, retractors, plaste bags, ete.

+ EINo. in parentheses in this column indicates that the itam is needed only for the dedicated 30-day mission.

L

Number of unite (EIs) required tn shared lsboratory 18 givem by the upper nrumber, and the mimber required in the dsdieated

laboratories is showm by the lower mumbers, Parentheses indicate the number required for tha 30-day laboratory (only if it is
different from the mmber required for the dedicated 7-day laboratory),

E 23]

Average power whila equipment iz operating.

+ The top mumber (nparenthesized) is development oost. The parenthesized mumbers are wndt costs, and a plus (+) indicates a
unit coat value for a commerclally availahle 1tem jntended for ground use.
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TABLE I.9-2. EQUIPMENT ITEMS {Eis) CONTAINED IN EQUIPMENT UNIT # 12/31, {cont'd)
BIOMEDICAL/BEHAVIORAL RESEARCH SUPPORT TUNIT {12}, BIOMEDICAL RESEARCH SUPPORT UNIT (31)

‘Na. of !

+ Units Cost
Reqgd, | Unit Unit Unit Develop.
E.I. Shared, | Waight | Pwri**f Volum {Unit) +

E.I. Hame No.* Ded, kg (Ib.) | watts dm? (ft7) K Comments
Metaholic Analyzer '125D; 1 100 30 300 20 Measures regpiratory parameters, such as air way
! 1 (220) (10. 6) (100} reeistance, Iung compliance, gas oonceni;raﬂon, ata.
l Item developed for Skylab. .
Plethyamograph, Limb | 138 | 0 2.3 5 5.7 10 For limb peripheral measurement. Inhcludea
| [ 1 (5} {0.2) ae coupler.
Coupler, Phono/ 40 | 1 0.2 1 0.3 5 E.I. 156, E.U. 2 definition sheet applies.
Vibrocardiogram S | (0.4) {0.01) 1)
Transducer, "181B° 6 0.5 1 0.3 35 Part of E. L 139,
Plethysmograph ; ; 6 ) 0.01) | (5
Coupler, Vectaof.va.':‘!:‘iogt‘am‘i 182J i 1 0.05 1 1.0 5 Coupler. 5ee E.I. 156, E.U. 2 definition sheet.
‘ 1 (0.1) (0.036) | O
Vomitus Bags & Holders ' 186A 4 0.5 0 0.7 0 Etnergency bags for human test subjects.
4 1) {0.025) [ (0)

* EINo. In parentheses in this column Indicates that the itam is needed only for the dedicated 30-day mission.

*¥ Number of units (EIs) required in shared laboratory is glven by the upper number, and the rumber required in the dedloatad
laboratories 13 shown by ihe lower mmbers, Parentheses indicate the number required for the 30-day laboratory (only if 1t 1s
different from tho number required for the dedicated 7-day laboratory).

¥¥%  Average power while equipment is operating,
+ Tho top mmber (unparenthesized) is development cost. The parentheslzed mymbers are unit costs, and & plus (+) indlcates a
unit cast value for & commercially avallable item intended for groumnd use.
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EQUIPMENT ITEMS IN CONSOLE

FIGURE I,9-1 EQUIPMENT VOLUME AND PLACEMENT

Shared 7-Day Laboratory
E.U. 12/31 Biomedical/Behavioral Research Support Unit and

Biomedical Research Support Unit

CONSOLE {0, 61 m deep)

7T
E.I. Number & Name dm S /
In_Top of Consols; 7/ Excess s /I
18D Gustom Bite Boards negl, / 4
36 Iria Camera 5,7 /
658 Electrophysiological /
Backpack 5,7 2 2.0m
65C ]
650 Electrophysiological Recelver 14 36 IBSB 1448, 1815 1557, 1884
650 Electrophysiological Display 28
76K Blood Flowmeier 0.6 112
110 Physiology Kit 57 1100
112 Medical /Surgical Kit 28
133 Otolith Test Goggles 2.8 65D
140 Cueapler, Vibrocardiogram 0,3 -
1448 Psychogalvanometer 0.3 / / / /
181B Plethysmograph Tranadecer 1B WORK AREA
1823 Coupler, Vectocard, 1.0
1864 Vomitus Bags 2.B 0.46 m
Total 148,90
Excess Velume
Allowance 142 WORK SURFACE
In Bottom Console: '
125C Metabolic Analyzer 300
Total 300
Exeess Volume
Allowance None - 0.76 m
125D
!
ba—— (.61 m ——

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS

{Not in Rack or Console)

Vol.
E.I. Number & Name dm3
180 Bicycle Ergumeter (envelope
volume when in use) 165
190 Body Mass Meas, Device
fenvelope volume when In use) 793
1534

Rotating Litter Chair {envelope
volume when in use) 2830
Total 4388
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EQUIPMENT ITEMS IN CONSOLE

Vol,
E.I. Number & Name drm®
In Top of Consels:
16F Coupler, Ballistocard, 1
18D Custom Bite Boards negl,
36 Iris Camera 5T
658 Electrophys, Backpack 5.7
65C Electrophys, Receiver 14
65D Electrophys, Display 28
76K Blood Flowmeter 0.8
104E Couplers, Cardiogram 4.6
104F Preumograph 2,8
i16C Physivlogy Kit B7
112 Medical /Surgical Kit 28
133 Otolith Gogglea 2.8
140 Coupler Vibrocardlogram 0.3
144B Paychogalvanometar 0.6
153 Yoice Recorder 2.8
1818 Plethysmograph Transducer L8
1525 Coupler, Vectocardiogiam 1.0
1864 Vomitug Bags 2.8
Total 155,5
Excess Volume
Allowance 134
In Boitom of Console;
51D Controel Console 170
131 Direction Indicator 3
138 Plethysomograph 6
Total 179
Excess Volume
Allowance 104

Note; Entire bottom of E,17, 91/93 console 1s used
to house E,I, 1250 Metabolic Analyzer 300 dm

FIGURE I.5-2 EQUIPMENT VOLUME AND PLACEMENT

Dedicated Laboratories

E.U. 12/31 Biomedical/Behavioral Research Support Unit and

Biomedical Regearch Support Unit

CONSOLE (0.81 m deap)

T

/ Excess

4y

65C % other

65B E.lLs

112
110

65D

v

e Ko
.

ORK SURFACE A

51D

wel 7SS

Excess

T

0.46 m|

0.76 m

0m

p-e——-— ¢,61l m ———

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS

(Not in Rack or Console)

Vol.
E.I. Number & Name i dm3
18C Bicycle Ergometer (envelope
volume when in use) 765
19D Body Mess Measurement Device
{envelope volume when in use} 793
1534 Rotating Litter Chair {envelope

volume when in use) 2830

Total 4338



EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function
automatic function
designates payload or experiment specific
high use frequency by crew
) bracket data is for the 30-Day Dedicated Laboratory only
Included in ETI 32A
part of the Sortie Module Data Management Subsvstem
not used for coded information
part of organism ECS
same as No. 2 above

Do LW s %o
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TABLE L.9-3A. EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 12. BIOMEDICAL/BEHAVIORAL RESEARCH SUPPCRT UNIT

M - - - DEDICATED LAB SHARED LAB
. NO. OF CREW AVE. NO. OF CREW AVE,"
EQUIP. IFEMS | FUNCT. | TIME, | POWER, | ITEMS FUNCT, TIME, | POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/DAY WAL'TS
18F COUPLER BALLISTOCARDIOGRAM 1 ]
326B Ballistocardiography (BCG) 15 min/wk 3,0 0.1
2 1]
18C BICYCLE ERGOMETER 1 1
310A Bicycle ergometry 2/ dy 37,0 2.6 - - -
310B " " - = - 2/ 22.0 L6
a7 3 22 2
16K FLOWMETER, DOPPLER 2 2
3244 Pulae wave velocity 1/wk 9.0 0.1 - - -
3254 Pulse wave confour 1/wk 9.0 0.1 - - -
8274 Respiratory vital capacity, ete. 2/wk 10,0 0.1 1/wk 6.0 a.1
4154 Liung volumes 2/wk 3.0 6.1 - - o
31 0 6 0
104E COUPLER IMPEDANCE CARDIOGRAM 2 0
321B Impodance cardiography (ZCG) 15 min/3 dy| _5.0 0.1
5 0
14F IMPEDANCE PNEUMOGRAPH 1 1]
414B Impedance pneumogram for man 2/wk _6.0 01
8 0
1100 KIT, PHYSIOLOGY 1 1
s1c Biosampling - obtaining blood 2/3 dy 5.0 0 - - -
3024 Sweat sample colleotion 3/wk 2.8 0 - - -
303A Sweat preservation and storage 3/wk 1.8 0 - - .-
3084 Ear canal celorie stimulation 2/wk 15.0 0 1/wk 12.0
307A Spatial localization 2/wk 21.0 0 - -
315A Total hody water 1/wk 12.0 0 - - -
335A Erythrocyte aurvival 1/wk 12.0 ] - - -
847A Infracoulsr pressures 1/wk 3.0 0 - - -
3544 Ear canal temperature 2/wk 2.0 0 1/wk 1.0 1]
265A Muscle strength and size 2/wk 7.0 0 1/wk 4.0 0
3568 Subject instrumentation and cleamup 20 min/dy 20.0 o 10 min/dy 10.0 0
358B Biomedical equipment cleanup,/disposal 10 min/dy 10.0 o - — -
112 0 27 0




6111

TABLE 1.9-3A. EU 12 (cont'd)

DEDICATED LAB SHARED LAB
NQ. OF CREW AVE. NO, OF CREW AVE,’
EQUIP. ITEMS FUNCT. TRME, POWER, TTEMS FUNCT, TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MIN/DAY | WATTS REQ'D FREQ. |MIN/DAY WATTS
112 KIT, MEDICAL SURGICAL 1 1
1644 Peripheral venous blood pressure 2/wk 6.0 0 - - -
167A Anestheslology - vertebrates 2/wk 8.0 0 1/wk 4.0 0
4054 Blood plasma volume 2/wk 10.0 o - - -
425A Blood rheology/ERG 2/wk 21.0 0 - - -
45 0 4 0
125D METABOLIC ANALYZER FIXED 1 1
3094 Routine metabolic gag monitoring 2/3 &y 16,7 0.7 - - -
3104 Bicyole ergometry 2/3 dy 57.7 2.4 - - -
330A Respirafory dead apace, eto. 2/wk 3.0 0.1 1/wk 2.0 0.1
77 3 2 i
139 PLETHYSMOGRAPH, LIMB i 0
3664 Venous compHance 3/wk 4.0 0.1
4 0
140 COUPLER PHONO/VIBROCARDIOGRAM 1 . 1
320B Phono/vibrocardiography 15 min/3 dy 5.0 0.1 10 min/ 3 dy 3.3 0.1
5 ] 3 0
igle TRANSDUCER - PLYTHESMGPH, 6 6
49B Pressure monitoring c A 6 G A 5
[ 8 [ [
1823 COUPLER, VECTORCARDIOGRAM 1 1
3198 Vectoreardiography 15 min/ 3 dy, 5.0 0.1 10 min/3 dy 3.3 0.1
5 0 3 [
186A VOMITUS BAGS AND HOLDERS 4 4
B00A Vomitus collaction 0 a 0 ¢ 0 0
0 [ [} 0
EU TOTAL 12/6 8/6
(12/6)
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TABLE 1.9-3B. EQUIPMEXNT OPERATIONS ANALYSIS - EQUIPMENT UNIT 21. BIOMEDICAL RESEARCH SUPPORT UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE. NO. OF CREW AVE.’
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING ¥FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/ DAY WATTS
18D CUSTOM BITE BOARDS 3 3
3074 Spatlal IocaMzation 2/wk 21.0 0 - - -
3174 Ccular counter-rolling 2/wk 24,0 0 1/wk 12.0 i}
318A Oculogyral llusion 2/wk 4.0 0 1/wk 2.0 0
3454 Angular scceleration threshold 2/wk 15.0 K 1/wk 9.0 0
64 0 23 Q
190 BODY MASS MEASUREMENT {(BMMD) 1 1
343A Body mass measurement 2/dy 4.0 0.1 2/dy 1.0 0.1
4 0 4 0
51D CONTROL CONSOLE, EXFPERIMENTER'S ) 1]
TO0A Vigual - acuity, static - near and far 2/3 dy 1.3 0,2
TO2A " - stereopsals {depth perception) " " "
T04A " - brightness threshold " " ”
T06A " = ¢olor perception * 0.7 0.1
TO7A " = critical flicker fusion frequency " 1.3 0.2
708A " - phorias, lateral and vertical " A "
T09A - - glare recovery (photo stress) " " "
7L0A " ~ dark adaptation " 13.3 n
713A " - peripheral fHeld " 2.0 0.3
T15A Auditory - absolute threghold " 1.3 0.2 .
. T16A " - piteh dacrimination " 1.7 0.2 i
T17A " = temporal acuity " 1.7 0.2
7304 Cognitive/ complex perceptual-speech intell, " 3.3 0.5
76048 Fine psychomotor-manipulative ability " 3.3 0.5
7684 Fins psychomotor - gross positioning " 1.6 0.2
TT0A " " - reaction time, smpl " 1.0 0.1
771A 1t n - hL " B cmplx 1t M M
38 4
65B ELECTROPHYSIOLOGY BACKPACK 1 1
17F Monitor ECG 30 min/wk 6.0 0 15 min/wk 3.0
18F Monitor EEG 5 min/3 dy 1.7 0 - - -
19F Monitor EMG 5 min/wk 1.0 0 - - -
308B Electro-cculogram (EOG} 10 min/dy 10. ¢ 0 5 min/dy 5.0 0
3104 Bicyele ergometry 2/3 dy 57.7 0 - - -
318A Oculogyral fllusion 2/wk 4.0 Q 1/wk 2.0 0
3198 Vectorcardiogram (VCG) 15 min/3 dy 5.0 0 10 min/3 dy 5.3 0
320B Phorio/vibrocardiogram " 5.0 0 " 3.3 0
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TABLE 1.9-3B, EU 31 (cont'd)

DEDICATED LAB SHARED LAB
NO, OF CREW AVE, NO. OF CREW AVE,”
EQUTP. ITEMS FUNCT, TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREG. MIN/DAY WATTS REQ'D FRERQ. MIN/DAY WATTS
65B ] (CONT)
321B Impedance cardiography (ZCG) 15 min/3 dy 5.0 0 - -
324A Pulse wave velocity 1/wk 9.0 0 - - -
3254 Pulse wave contour 1/wk 9.0 a - - -
326B Ballistocardiography (BCG) 15 min/wk 3.0 o - - -
3448 Electronystapmopram (ENG) 30 min/3 dy 10.0 o 20 min/3 dy BT 0
B45A Angular acceleration threshold 2/whk 15.0 0 1/wk 9.0 0
4148 Impedance pneumogram for man " 6.0 0 - - -
4224 Coriolis sickness susceptibility " 30.0 o 1/wk 18,0 0
177 0 B0 0
65C ELECTROPHYSIOLOGY RECEIVER 1 1 '
17F Monitor ECG 30 min/wk 6.0 0,1 15 min/wk 3.0 0.1
18F Monltor EEG 5 min/3 dy 1.7 0.1 - - -
19F Monitor EMG 5 min/wk 1.0 0.1 - - -
308B Electro-oculogram (EOC) 10 min/dy 10.9 0.1 5 min/dy 5.0 0.1
310B Bicycle ergonometry - - - 2/wk 34.6 0.2
3198 Vectorcardiogram (VCG) 15 min/3 dy 5.0 0.1 10 min/3 dy{ 3.3 0.1
3208 Phono/vibrocardiogram " 5.0 0.1 " 3.3 0.1
321 Impedance cardiography (Z2CG) " 6.0 0.1 - - -
3268 Ballistocardiography (BCG) 15 min/wk 3.0 0.1 - - -
344B Electronystagmogram (ENG) 30 min/3 dy 10.0 0.1 20 min/s dy| 6.7 0.1
114B Impedance pneumogram for man 2/wk 8.0 0.1 - - -
53 1] 26 [
85D ELECTROPHYSIOLOGY DISPLAY 1 i
17F Moniter ECG 30 min/wk 6.0 0.2 15 min/wi’ 3.0 ol
18F Monitor EEG 5 min/3 dy 1.7 0,1 - - -
19F Monitor EMG 5 min/wk 1.0 0.1 - - -
308B Eleetro-aculogram (EOG) 10 min/dy 10.0 0.3 5 min/dy 5.0 0.1
3198 Vectorcardiogram (VCG} 15 min/3 dy 5.0 0.1 10 min/3dy | 3.3 0.1
3208 Phano/vibrocardiogram " 5.0 0.1 " 3.8 0.1
321B Impedance cardiography (ZCG) " 5.0 0.1 " 3.3 1
3268 Ballistocardiography (BCG) 16 min/wk 3.0 0.1 - - -
3448 Elecironystagmogram (ENG) 39 min/3 dy 10.0 0.3 20 min/3 dy | 6.7 6.2
47 1 25 1
131 NON-VISUA L DIREC TION INDICATOR 1 ]
3074 Spatial localization 2/wk 21.0 0
21 0
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TABLE 1.9-3B. EU 31 (cont'd)

DEDICATED LAB SHARED LAB
RO, OF CREW AVE. NO. OF CREW AVE,
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ. MIN/ DAY WATTS
133 OTOLITH TEST GOGGLE 1 1
307A Spatial localization 2/wk 21.0 ] - - -
318A Oculogyral illusion 2/wk 4.0 o 1/wk 2.0 ]
345A Angular acceleration threshold 2/wk 15.0 0 1/wk 7.5 0
40 0 10 a
1448 PSYCHOGALVANOMETER (GSR) 2 1
4004 Galvanic skin response (GSR} 2/wk 3.0 0.1 1/wk 2.0 0.1
3 0 2 0
153 RECORDER, VOICE 1 0
7304 Cognitive/complex perceptual-speech intel. 2/3 dy 3.3 0
3 0
1584 ROTATING LITTER CHAIR (RLC) 1 1
31¢ Biosampling ~ obtaining blood 2/3 dy 5.0 1.3 - - -
306A Ear canal ealoric stimunlation 2/wk 15.0 3.8 1/wk 12.0 3.0
307A Spatial loealization 2/wk 19.0 4.8 - - -
316A Agravic percepiion 2/wk 15.0 3.8 1/wk 9.0 2.3
317A Qeular counter-rolling " 24,0 6.0 " 12,0 3.0
318A Oculogyral fllusion " 4.0 1.0 " 2,0 0.5
345A Angular accsleration threshold " 15.0 3.8 n 9.0 2.3
256B Subject instrumentation and cleanap 20 min/dy 20.0 5.0 10 min/dy 10.0 2.5
3588 Biomedical equipment cleanup/disp. 19 min/dy 10.0 2.5 - - -
3644 Visual task with head rotation - - - Y/wk 15.0 3.8
364B Visual task with head roiation 2/wk 27.0 6.9 - - -
4224 Corlolis sickmess susceptibility 2/wk (included inl 364B) 1/wk {included in | 3644}
469A Rotating lifter chair 2/wk 3.6 0.9 1/wk 2.0 0.5
158 39 89 17
EU TOTAL “4/0 18/0
#4/0)




TABLE 1.9-4, DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS
E.U. 12/31 - BIOMEDICAL/BEHAVIORAL RESEARCH SUPPOR

T UNIT AND BIOCMEDICAL RESEARCH SUPPORT UNIT

SENSOR/SIGNAL CHARACTERISTICS I PROCESSING .
Bits |Sampling |Sampling Total Total
EQUIPMENT ITEMS (E.U.#/E.1.#) Signa! | No. of per |Duration | Rate per |Bit Rate, | Bita
AND SIGNAL IDENTITY Ranga Resolution Type_ | Chan, Sample | min/day | Channel BP3 per Day COMMENTS
Body Mass Measurement Device (12/19p)
Oscillation Output 0-5 v 25 mv Angl, 1 8 L 100/sec 800 192K
Oscillation Calibretion 6 levels 1 level Dig. 1 3 L 1/min negl. Inegl.
Power Cn/Ofs 2 positions |1 position Dise. 1 1 cont.. 6/min regl. |oK
Control Console (12/51D) This conscle used by experimentor to
control stimuli presented to the subject
at the crew station consnle. Hardwire
interconnection are snticipated.
Electrophysiological Review {12/65¢)
Typical Signal Output -5 V 50 mv Anal. L 7 7T 500/zec 14K 148, 7
Otolith Test Coggles (12/133)
Imgge Command Signal i-10 1 Dig. 1 4 Lo 1/sec I GEK
I Rotating Litter chair (12;"153&) Rotating litter cheir signels and sanpling
o ke f Earth
I3 Monitor Motor Current 0-10 amp 0.1 amp Anal. 1 7 188 320/se0 g.olx 25,3y |TEPeS were imken from Reforence Eer
5 Grbital Ressarch snd Applications
Monitor Motor Speed 0«20 rpm 0.1 rpm Anal. 1 7 188 ho/sec 280 3.2M o .
Investigations (Blue Book), Vol. VIII, Iife
Accelercmeter Readout 0-.2 g 0,01 g Anal. 3 5 188 1/sec 30 338k R
Sclences, NASA Report WHB 7150.1
Head Motion Acknowledgement 0-180 deg 1 deg Anal. 1 8 188 1/sec 8 90K Jenuary 15, 1971
Cadence Signal Acknowledgement 2 level 1 level Dise. 1 1 188 1/sec 1 11K '
+Converter Voltsge 0-5 ¥ 50 m¥ Anal, 1 7 135 1/sec 7 TIK
-Converter Voltage 0-5 Vv 50 mV Anal. 1 7 188 1/aec 7 TIK
Experiment State 2 positions |1 position Dise. 1 1 188 10/aec 10 113K
"Question Subject" Lamp On/oOff 2 positions |1 position Dise. 1 1 188 10/sec kLY 113k
Experiment ID 1-16 1 e Dig. 1 Y 188 10/sec Lo 451K
Subject ID 1-L 1 Dig. 1 2 188 16/sec 20 226K
OGI Response Metrix 1-k 1 Dig. 1 =4 188 10/zec 2c 226K
M$ Response Matrix 1-16 1 Dig. 1 L 188 10/sec 4o L51k
REM Range 12 levels 1 level Disc. 1 4 188 10/sec bo 451K
On-0fT Control 2 positions |1 position Dise, 1 1 cont, 1/sec 1 84K




TABLE I.9~4. DEDICATED 7-DAY LABORATORY SAMPLED DATA REGUIREMENTS (Cont'd)

E.U, 12/81 - BIOMEDICAL/BEHAVIORAL RESEARCH SUPPORT UNIT AND BIOMEDICAL RESEARCH SUPPORT UNIT

SENSOR/SIGNAL CHARACTERISTICS PROCESSING
Bite |Sampling |Sarapling Total Total
EQUIPMENT ITEMS (E. U.4/E.1.#) Sigpal | MNo. of per Duration | Rate per |[Bit Rate, Bits
AND SIGNAL IDENTITY Range Regolytion | Type | Chan. | Sample | min/day | Channel BPS | per Day COMMENTS
Bicycle Ergometer (31/18¢)
Respiraticn Rate (Flowmeter) 5V 50 mv Analog 1 7 58 1/zec 7 LK
Flowmeter Calibraticn £ levels 1 ifevel Digital 1 3 58 1/min negl. |[megl,
Heart Rate 5V 50 MV Anglog 1 7 58 1/zec 7 2Ly
Body Temperature 93, 3L3°F L1°F Anelog 1 6 58 5/iin 1 2K
Blood Pressure 50-20mm Hg [2 mm Hg Anslog 1 7 58 1/iwin negl. negl,
Ergometer Output - 50-300 watts|2 watts Anslog 1 7 58 1/3ec 7 2K
Ergometer Speed Monitor LO-90 rpm 1 rpm Analog 1 6 58 1/sec 6 21K
Ergometer Motor Control 12 levels 1 level Digital 1 i 58 5/min negl. 1K
Oon/Off Control 2 levels 1 level Dige. 1 1 cont, 1/nec 1 &6%
Biood Flowmeter [31/76K)
Pulse Signsl 05 V 50 mv Anal. 1 ki 31 50/sec 350 651K
Couplera (31/16F, 1okg, 1L¢, & 1823)
L3
o Typieal Output Signal 0-5 v 50 my dnal. 7 7 18 so0/sec | 3500 |3.78M
L .
Metsbolic Analyzer (31/125D) Data obtalned will be entered manually
into DMS.
Plethysmograph, ILimb (31/139)
Pressure Pulse 0-5 ¥ 50 mv Anel. 1 7 Lg 50/see 350 1,03

185.879M| TOTAL
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TABLE 1. 9-5 TY PICAL EQUIPMENT UNFU FUNCTTONAL INTERFACES
EQUIPMENT UNIT 12/31 - BIOMEDI_CAL/BEHAVIORAL RESEARCH SUPPORT UNIT AND
BIOMEDICAL RESEARCH SUPPORT UNIT

CRITI-

*1 = Minimal, 2 = Nominal 3 = Maximal

EU # DESCRIPTION OF FUNCTIONAL INTERFPACE WITH E.1. 12/31 !1 CALLI'TY!?
1 Video recording and monitoring devices such as electrophysiological display, bicycle ergometer, 3
ete. TUse of cameras to record experiment phenomena.
2 Processing Hotransducer signals (accelerometer, plythesmograph) acquired from the electro- 3
physiology signal receiver and (1) display results on CRT, (2) add annotation (time, subject, date)
to CRT display, and (3) store CRT display on tape. Processing of electrophysiological signals
from subject on bicycle ergometer by (1) extracting data only from a representative time interval,
(2) performing a programmed waveform analysis on the representative data, (3) specifying
experiment parameters on CRT.
-3 Accelerometer measurements during Rotating Litter Chair experiments. 2
5 Measurements with blood gas analyzer of arterialized venous blood samples obtained from 3
subjects on Rotfating Litter Chair. Blood gas determinations and blood cell counts.
6 Linear measurement of selected anatomical sites in addition to body mass measurements for 2
zero-g adaptation studies on man,
91 Monitoring of electrophysiological phenomena during various psychomotor performance tests. 3
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TABLE I.9-6. COST SUMMARY -
EQUIPMENT UNIT 12 - BIOMEDICA L/BEHAVIORAL RESEARCH SUPPORT UNIT

UTPMENT IDENTIFICATION _ | DEVETOEMENT SHARED SORTIE {7 DAYS) DEDICATED SORTIE (7 DAYS) | DEDICATED SORTIE (30 DAYS). COMMER-
Time Dev. Unit No. { Total Dev. Unit No. | Total | Dev. Unit No. | Total CIAL

o ™ide Type | (vrs) |Cost §K | Cost $K | Req. | Cost $K [ Cost §K | Cost $K) Req. | Cost 3K || Cost $K | Cost $K | Req. | Cost $K || COSTS REMARKS
130 |CUsTIoM BDUL 3JARDS HINIMAL 1 . 1 3 L ~ 1 3 i 1 1 3 4 IMBIMS DEVELOFED
15D | BODY MASS MEASUREMENT MINTMAL 1 20 20 1 Lo 20 20 L “n 23 20 L kb SKYIAB DEVELOPED
510 |CONT. CONSOLE EXPMTR REPACK 2 o 150 50 1 200 150 50 1 200 TMELMS DEVELOFED
658 | ELECTROPHYSICLOGY BACKDACK REPACK 2 100 25 1 125 100 25 1 125 100 25 1 125 783,00 |

£5c | ELECTROPHYSIOLOGY RECR REPACK 1 100 a5 1 125 100 25 1 125 100 25 1 125 3250.00 i

650 |ELECTROPHYSIOLOGY DISEY REPACK 1 100 25 1 125 100 25 1 125 100 25 1 125 2200, 00 )

131E | NON-VISUL DIRCTN INDCTR MINIMAL ! 0 2 2 1 i o2 2 1 4 lmams DEVELOPED
133 OTOLITH TEET GOGGLE _|MINTMAL 0 20 20 1 40 20 20 1 10 | =20 20 1 4o ;mms DEVELOFED
ibhB  [PSYCHOUALVANOMTR GER MINIMAL 1 1 1 1 2 1 1 2 3 1 1 2 3 i

153  |RCRIR VOICE REMPG 1 o 35 5 1 Lo 35 5 1 o

1534 |[ROTATING LITTER CHAIR MINIMAL 1 20 100 1 120 20 100 1 120 20 100 1 120 Esmm.a DEVELOFED

TOTAL COST ESTIMATE 362 219 581 skg 277 826 Shg 277 826
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TABLE 1.9-7. COST SUMMARY -
EQUIPMENT UNIT - 31 BIOMEDICAL RESEARCH SUPPORT UNIT

‘ DEVELQPMENT SHARED SORTIE (7 DAYS) DEDICATED SORTIE (7 DAYS) DEDICATED SORTIE (30 DAYS)  JCOMMER-
w Time | Dev. Unlt | No. | Total Dev. Unit | No. | Total Dev. | Unit No. | Total CIAL

| Ma. Tifle Type (vrs} lcost $K | Cost 5K | Reg. | Cost $K § Cost 3K | Cost 3K| Req. | Cost $K || Cost $K | Cost §K Req. | Cost 3K COSTS REMARKS
16F COPLR BALLISTOCARTXIRM REPACK 1 0 5 1 1 6 5 1 1 &

18¢  |BICY¥CLE ERGOMETER MINIMAL 1 5 5 1 10 5 5 1 10 5 5 1 10 SKYLAE DEVELOPED
TEK PLOWMETER, DOPPLER REPACK 1 a 5 1 2 7 5 1 2

i0ME |COPLR IMPEDNCE CIRDIGRM REPACK 1 0 5 1 2 7 5 1 2

104F | IMPEDNCE PNEUMOGRAPH REPACK 1 10 2 1 12 10 - 1 12 10 2 1 12 !

110c  [EIT PHYSIOLOGY ‘ REDESIGN 2 100 i 1 110 w0 | 1o 1 110 100 10 1 110 - [j500.00

112 KIT MEDCL SURGICAL REMFG 2 Lo 5 1 45 Lo 5 1 45 Lo 5 1 45

1250 |METABLC ANALYZ FIXED REPACK 2 20 100 1 120 20 100 1 120 20 100 1 120 7,800.00 ISKYIAE DEVELOFED,
139 ‘ | PLETHYSMOGRAPH LIME [srnmar 1 c 10 10 1 20 10 10 1 20 !

140 COPLR PHONO/VTBROCARDGRM REPACK 1 3 1 1 6 5 1 1 6 5 1 1 6 '

1818 [TRANSDCR - PLYTHESMBPH REPACK 1 35 5 6 {65 35 5 & 65 35 5 & 65 i

1827 |COPLR, VECTORCARDIOGRM U U 5 1 1 & 5 1 1 & 5 1 1 € :

186A | voMITUS BAGS - KOLDERS MINIMAL 0 0 s L 0 0 v} b o] 0 0 4 0

TOTAL COST ESTIMATE 215 154 269 245 169 41k 2hs 169 Lk f




.10 EQUIPMENT UNIT 26 - RADIOBIOLOGY SUPPORT UNIT

1.10.1 FUNCTIONAL CAPABILITY AND SUMMARY DATA. This unit supports
radiobiological studies and provides the capability for irradiating organisms or
specimens, and measuring radioisotope tracers. A summary of properties is given
in Table 1.10-1.

1.10.2 EQUIPMENT ITEMS. Major equipment items are the radiation detector,
radiation source and radiation source storage (in the dedicated 30-day laboratory
only), and radiation counter, see Table I.10-2. The placement of this equipment
is indicated in Figure I.10-1.

1.10.3 OPERATIONS AND INTERFACES.

Equipment Operations Analysis - See Table I.10-3.

Data Requirements - See Table I1.10-4,

Consumables - None.

Launch & Reentry Operations - No special requirements.

Electrical Power - The equipment requiring the most power when on is the
radiation detection and counting equipment. As noted in the definition sheets for
this equipment, it could probably be modified to use 28 v. d.c. power. Thus,
essentially all of the power required for E.U. 26 is d.c., as shown in Table 1.10-1.

Peak power for all the laboratories (240 w,) will result when the radiation detector
and counter are turned on.

Heat Rejection - The average on-duty heat rejection is small and was assumed
to be dissipated to the cabin air.

1.10.4 EQUIPMENT ITEM COST SUMMARY - See Table I1,10-5.
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TABLE 1.10-1, E.U. 26, RADIOBIOLOGY SUPPORT UNIT -

SUMMARY OF PROPERTIES

Shared

Dedicated

Dedicated
Property 7-Day Lab | 7-Day Lab [ 30-Day Lahb
Number of Racks & Consoles £ % 3
Volume, dm’ (ff’), Total 372 (18.1) 372 (13.1) | 372 (18.1)
Racks & Consoles 372 372 372
Distributed & Extra Hems 0 0 0
Small Storage Items (Misc.) 0 0 0
Tixed Weight, kg (Ib) 114 (252) 115 (253) 183 (403)
Flectrical Power, w
On Duty* Averave Power, Total 5 14 15
Estimated d.c. 5 14 15
Estimated z.c. 0 0 )]
Off-Duty* Average Power, Total [ [ 0
Lstimated d.ec.
Istimated a.c.
Estimated On-Duty Peak Power 240 240 _240
Heat Rejection, Wt
On Duty Load, Total 5 14 15
Estimated Air Cooled Toad 5 14 15
Estimated Cold Plated Load 0 0 - 0
Off Duty Load, Total 0 [ 0
Estimated Air Cooled Load
Estimated Cold Plated Load
Development Cost, 3K 715 715 1215
Unit Cost, 3$K 102 102 202
#12 Hours
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TABLE I.10-2. EQUIPMENT ITEMS (Els) CONTAINED IN EQUIPMENT UNIT # 26 -

RADIOBIOLOGY SUPPORT UNIT

{No. of
I Units Cost
"Regd, x| Unit Unit Unit Develop,
E.I. Shared, | Weight | Pwri** Volumg (Unity+
E.L Name No.* Ded. (kg (b.) | watts am® (&°) K Comments
Badges, Radiation . 16D i [ 0.05 \] 0,03 1] Radlation Exposure Badges. Standard flm type.
| 10 {0.1) (0.00L) | (D)
i . (52)
| I
Radiation Detector |144C 1 0.45 i} 0.5 15 Dosimeter, portable, ranges 0~200 mr and 0-500 r.
; 1 [ab] (0.016} | (2)
1 @
Radiation Detector, Genl. 145 C1 23 150 i3] 350 Measures alpha, beta, gamma, x-ray, or neutron
' 1 50} (2.42) (50) radiation.
1 i @2o0y* :
t
Radiatdon Detector : 47 1 91 80 57 350 Radiation Counters, Biochemicel Sample. Auto-
i ;1 (200) (2.0) [G143] matic tranaport system to be used in conjurcton
' B0t with E.1. 145,
Radiation Source, (149G [1h] 23 5 7 150 Experiment specific. Portable self-contained
Prepackaged ; (B0} (0.25) {50} radioisotope.
i @*
Radiation Source Storage |{150) (1) 45 0 28 350 For radioisotope storage.
; (Log)y (1.0} (50)
(0.5)"

* EINo, In parenthedes in this column fndicates that the item 18 needed only for the dedicated 30-day mission,
**+ Number of mits (EIs) required in shared laboratory 18 given by the upper number, and the mumber required in the dedioated
laboratories is shown by the lower mimbers, Parentheses indicate the number required for the 30-day laboratory (only if it 18
different from the number required for the dedicated 7-day laboratory).

okk

Average power while equipment is operating.

+ The top mumber (unparenthesized) i development cost, The parenthesized numbers are unit costs, and a plus (+) indicates &
unit cost value for & commercially evailahle item intended for ground use,

I-130
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EQUIPMENT ITEMS IN CONSOLE

Vol,
E.J. Number & Name dm®
In Bottom of Console:
16D Radiation Badges negl,
144C Radiation Dogimeter negl,
145 Radiation Detector [:1:]
147 Radiation Counter 57
Total for Shared 7-Day Lab, &
Dedicated 7-Day Lab, 125
Excess Allowatce 58

Additional E.L s for Dedicated 80-Day Lab,
149G Radlation Source (in storage) ]

150 Radiation Source Storage 28
Total for Dedicated 30-Day Lab, 153
Excess Allowance 130

FIGURE 1.10-1 EQUIPMENT VOLUME AND PLACEMENT

Shared and Dedicated Laboratories
E,U.26 Radiobiology Support Unit

CONSOLE (0.61 m deep)

2.
/ 0.46 m|
ORK SURFACE /
145
47
0.76 m
i / 150
. _,/
. .
g
/ 4 /
/ Excess

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS

(Not In Rack or Console)

E.I, Number & Name

Vol.
dm?3

None



EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatic function

designates payload or experiment specific

high use frequency by crew

bracket data is for the 30-Day Dedicated Laboratory only
Included in EI 32A

part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same as No. 2 above

U\-&-WMH"—-.-*}(]
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TABLE I.10-3. EQUIPMENT OPERATIONS ANALYSIS - BQUIPMENT UNIT 26, RADIOBIOLOGY SUPPORT UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE. NO. OF CREW AVE,”
EQUIP. 1ITEMS FUNCT. TIME, POWER, ITEMS FUNCT, TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D . FREQ. |Mm/Day WATTS REQ'D FREQ. |MIN/DAY WATTS
16D BADGES - RADIATION, STANDARD FILM 10 o
63A Radiation monitoring throughout lab (52) c A o
0 )
144C RADIATION DETECTOR, DOSIMETER 1 1
638 Radiation monitoring throughout lab 2/wk 1.0 0 2/wk 4.0 o
4 [ 4 [
145 RADIATION DETECTOR, GENERAL 1 1
63C Radiation menitoring throughout lab 2/wk 1.0 0.8 2/wk 4.0 0.8
: 4 1 4 1
147 RADIATN DETECTR, SCINT 1 1
91A Plant radiochemistry (fixed) 4fwk 16.0 2,0 - - -
91B Plant radiochemistry (porteble) - - - 2/wk 8.0 1.0
928 Vertebrate radiochemistry 4/wk 16.0 2,0 " " 1.0
938 Invertebrate radiochemistry " " 2.0 " " L.0
94B Coells and tissue radtochemistry " " 2.0 " " L0
8154 Total body water 1/wk 12.0 1.5 - - -
3354 Erythrocyte survival 1/wk 2.0 0.2 - - -
4054 Blood plasma volume 2/wik 3.0 0.4 - - -
449 Glucagon assay 2/wk g.0 1,0 - - -
251A Anglotension I 4/wk 12.0 L5 - = =
101 13 32 4
149G RADIATION SOURCE, PREPACKAGED 0 0
3384 Erythrocyte survival (£} (1/wk) (12,0} 0.5
’ 12) 1}
150 RADIATION SCURCE STOR 0 0
1)
EU TOTAL 14/0 5/0
(15/0)




TABLE 1,104, DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS
E.U. 26 RADIOBIOLOGY SUPPORT UNIT

¥ET-1

SENSORISIGNAL CHARACTERISTICS PROCESSING
Bits |Sempling |Sampling | Total Total
EQUIPMENT ITEMS (E.U.4/E.L#} Signal | No. of per |Duration | Rate per |Bit Rate, | Bits
AND SIGNAL IDENTITY _Range Resolution Type | Chan. Sample | min/day | Channel BPS per Day COMMENTS
Radietion Counter/Detector {26/145 & 147)
on/Off Control 2 positions| 1 position | Dise. 1 1 cont, 1/sec 1 86K
Hi Velt Power Supply 170-1700V 5V Anal. 3 9 101 1/sec ] ShK
Count Value 0-10 24 Dig 1 17 101 1/min negl. 2K
Counting Interval 0-120 mip 10 sec Dig. 1 10 101 1/min negl. 1¥
Specimen I.D, 1-100 1 Dig. 1 [ 101 1/min negl. 1K
Beckground Radiastion Q-300 cpm 0.5 cpm Dig. 1 6 101 1/min negl. 1K
Gas Flow 0-0.1 scfh 1% 7.8, Anal, 1 7 101 1/min negi. 1K
146K TOTAL
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TARLE 1.10-5. ' COST SUMMARY -

EQUIPMENT UWIT - 26 RADIOBIOLOGY SUPPORT UNIT

. DEVELOPMENT SHARED SQRTIE (7 DAYS) DEDICATED BORTIE {7 DAYS) || DEDICATED SORTIE (30 DAYS) COMMER-
-—Tlmmm % Dev. | Unit | No. | Total § Dev. Unit | Ne. | Total Dav. | uUnit No. | Total CIAL
No Title Type Yra) JCost $X | Cost $K | Reg. | Cost $K [ Cost 3K | Cost §K| Req. Cost $X || Cost $K [ Cost $K | Req. j Cost $K COSTS REMARKS
‘16D | RADGES-RAD, STD FITM u U 0 0 w| o 0 o] 10 !
1k4¢ | RADTATION DETECTOR REMFG 1 15 2 A1 17 15 2 1] 17 15 2 1 17 2000.00
145 RADTATION DETECTOR, GEN REPACK 2 350 50 1 100 350 50 1 | ko0 50 50 1 Lo PO000.00 |
147 | RADIATION DETECTOR, SCINT REPACK 1 350 50 1 Loo 350 50 1 jLoo 350 50 1 | koo 5000000 |
1lgg | RADIATION SCURCE, PRE PACK REDESIGN 1 I 15G 50 1 200 3000.00
150 | RADIATION, SCURCE STOR REPACK 1 350 50 1 Loo 500,00
i
TOTAT, COST ESTIMATE 715 102 817 715 102 817 1215 202 1417 {




I.11 EQUIPMENT UNIT 40/41/42 - SMALL VERTEBRATE HOLDING UNIT 40),
PRIMATE HOLDING UNIT (41), VERTEBRATE RESEARCH SUPPORT UNIT (42)

I.11.1 FUNCTIONAL CAPABILITY AND SUMMARY DATA. This equipment unit
provides for holding (caging) of vertebrates as well as for research supporting func-
tions specific to the vertebrate organisms. The life support and environmental con-
trol equipment necessary for the support of the vertebrates is presented separately
in Volume II of this report. A summary of pertinent properties of E. U. 40/41/42 is
given in Table I.11-1.

1.11.2 EQUIPMENT ITEMS. Major equipment items include two vertebrate cage
modules, two primate cages (dedicated laboratories only), and metabolic mass balance
measuring equipment. The full equipment list is given in Table I.11-2, and the volume
of the equipment is indicated in Table I,11-3. There are no racks or consoles re-

quired fqr these EUs; however, a drawing of a typical cage module is shown in Figure
1.11-1 for completeness., The primate cages are shown in Figure 4-2 of Volume II.

1.11.3 OPERATIONS AND INTERFACES.

Equipment Operations Analysis - See Table 1.11-4.

Data Requirements - See Table I.11-5.

Consumables - Consumables in these equipment units include urine and fecal
collection pads and filters, food, and miscellaneous equipment within the veterinary
kit. These are all small items for the mission durations being considered, and no
special problems are anticipated. All these items are of the type that will not need
replacement until the end of a particular flight. Water is a relatively large consum-
able but is included as part of the organism ECS and is presented in Volume II.

Launch and Reentry Operations - Equipment units 40 and 41 house the verte-
brate organisms and therefore will require special launch and reentry considerations.
Among them are:

a. Organism should be placed aboard the Sortie Module as close to lift-
off as is practical, and removed as soon after landing as practical.

b. While the organisms are aboard during launch operations, ascent,
descent, and recovery, provisions should be available for monitoring
the organisms. The launch phase during which they should be moni-
tored and the type of monitoring will depend upon the particular
experiment, At least TV and electrophysiological capability should
be available if needed. Thus, the data management subsystem must
be capable of operation during launch and reentry.
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c. The ECS for the organisms must also be functioning during launch
and recovery.

d. Orientation of the organisms with respect to gravitational, acceleration,
and air drag forces is an aspect involving launch and reentry operations
which will need additional detailed study. The organisms will undergo
various acceleration and gravitational forces in various directions
throughout the flight. They must be kept as calm and quiét as possible,
in order to prevent injury and trauma, whether self-inflicted or externally
caused. For this purpose, some form of restraint system has been
assumed for this study. Many types of restraint and protection systems
can be envisioned (harnesses, cushions, air bags, etc.) but the details
of such a system are considered beyond the scope of this study, How-~
ever, assuming that a restraint system is used, it will require emplace-
ment prior to ascent and descent, and removal upon achieving orbit
and upon organism ground recovery.

Also, assuming that a restraint system is to be used allows the verte-
brate cages (and cage modules) a greater degree of freedom in their
orientation in the Sortie Module. That is, they are not constrained by
the direction of the ascent and descent acceleration vectors so long as
these vectors are compatible with the restraint system/cage design.
The launch loads should be in a direction compatible with organism
comfort and safety, and also should be in a direction so that urination
and defecation will not result in organism harm or functional damage to
the caging system, e.g., saturation of food pellets, shorting of elec~
trical connections, etc.

Electrical Power — Average electrical power for these E.U.s is shown in
Table I.11-1. The values for on- and off-duty power are equal since the significant
power consumers are all automatically operating equipment and not dependent upon
crew occupancy of the laboratory. This automatic equipment is comprised mostly
of lights within the vertebrate cages. The ECS power is included in a separate
section and the bioinstrumentation power is included under the specific couplers listed
in the equipment inventory. The lights will be operating approximately one-half of the
time but the schedule of operation will depend upon the specific experiments being
conducted. Since these are not known at this time, the light power was averaged
over the full 24-hour period. The maximum peak power for these E.U.s will be
twice the average value as shown in Table I.11-1. AIl the power in these E.U.s is
anticipated to be d.c.

Heat Rejection - Most of the heat comes from the lights and this will be dissi-
pated primarily to the ECS air flow through the cages. This heat will be rejected to
the dehumidification condenser and cooler in the ECS  loop, and thus to the Sortie
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Module liquid coolant. Also, it will have to be rejected to coolant at low témpera-
ture, which is discussed in more detail in Volume II, Section 3.1. It was assumed
that all the heat from this equipment unit would be rejected to the spacecraft liquid

coolant,

Typical Equipment Unit Functional Interfaces - See Table 1.11-6.

1.11.4 EQUIPMENT ITEM COST SUMMARY - See Tables I.11-7, 1.11-8, & I.11-9.
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TABLE I.11-1, E.U. 40/41/42, SMALL VERTEBRATE HOLDING UNIT/ PRIMATE HOLDING UNIT/

VERTEBRATE RESEARCH SUPPORT UNIT - SUMMARY OF PROPERTIES

S

Unit Cost,

Fok Inclﬁdes Organism Heat Load
*12 Hours

Shared Dedicated Dedicated
Property 7-Day Lab | 7-Day Lab {30-Day Lab
Number of Racks & Consoles 0 0 0
Volume, dnt® (f£°), Total 432 (15.2) 1577 (55.7) | 1669 (58.9)

Racks & Consoles 0 0 0

Distributed & Extra Items 376 1508 1600

Small Storage Items (Misec.) 56 69 69

Fixed Weight, kg (Ib) 210 (462) 330 (726) 380 (836)
Electrical Power, w

On Duty* Average Power, Total 82 195 230
Estimated d.c. 82 195 230
Estimated a.c. 0 0 0

Off-Duty* Average Power, Total 82 195 230
Estimated d.c. 32 195 230
Estimated a.c. 0 0 0

Estimated On-Duty Peak Power 164 370 440

Heat Rejection, W,

On Duty Load, Total 1224 295%* 330%*
Estimated Air Cooled T.oad 0 0“ 0
Estimated Cold Plated Load 122 295 330

Off Duty Load, Total 122+ 295%* 330++*
Estimated Air Cooled Load 0 0 0
Estimated Cold Plated Load 122 295 330

Development Cost, $K 6576 7036 8036
$K 39 234 332
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TABLE I.11-2, EQUIPMENT ITEMS (Eis) CONTAINED IN EQUIPMENT UNIT # 40/41/42 -
&MALL VERTEBRATE HOLDING UNIT (40}, PRIMATE HOLDING UNIT (41), VERTEBRATE RESEARCH SUPPORT UNIT (42)

No, of
Units Cost
Reqd.®| Unit Unit Unit Develop.
E.L |Shared, | Welght | Pwrt** anumg (Unit}+
E.I, Name iNo.*! Ded. (kg (lb.) | watts am® ®)!  $K Comments
| E.U. 40 - Small Vertabrate Holding Unit
Cage, MMB, Rats 28 1 2.3 20 28 1000 Cage for Metabolic Mass Measurements on Rats.
1 ] (1.0) 10} Conceptual design item. ’
Cage, Rat/Hampater 30A 16 2.8 9 7 100 Ineludes urine pad holders and urine pads. Power
16 (65.1) {0,25) L is for lighting.
Holding Unit, Small 103 2 27 0 188 5000 A cage module which can house several individuat
Vertebrales 2 (60) {5.64) (10} vertobrate cages and providea an  lsolated controlled
environment. Includes elecironic instrumentation
proviglons.
Manifold, Organism 118D 1. 0.9 0 0.3 0 Manifeld for organism watering. Laboratory specific.
Water 1 @ ©.01) | ()
Tank, Vertebrate Water 174 - - - - - Part of organism ECS.
E.U, 4! - Primats Holding Unit
Cage, Monkey 2BA 0 114 100 568 400 Cage to support 16-20 1b monkeys. Ventllated en-
2 (250) (20) 25} 07 closure with provision for connections to ECS.
Holding Unit, MMB, {100} 1) 41 0 142 1000 Holding Unit Devices for Metabolic Mass Balance
Primate (90} (5} (100} Measurements on Primaes. Equipment to be added
to E.I. 28A.
Signal Conditioner Rack (156E [C] 2.3 4] 23 0 To be used in conjunction with metabolic mass
(5) {0.8) {0 balance equipment. Dev. cost in E.I. 103. Unit
cost in holding units.
E.U. 42 - Vertebrate Hesearch Support Unit
Flowmeter, Ultrasonic 76G 0 0.2 ] 1.4 1 Implantable, to measure cardiac output. Experiment
2 {0.4) {0. 03} (1) specific.
Kit, Veterinary 115 1 2.3 0 28 5 Disaection equipment, electrophysiclogy equipment,
1 [£3) 1.0) (10) restraint s36 tems, ete.
{0.5)"
Osgeillator, VCO 132A 0 0.05 1 0.3 3 Voltage Controlled Qscillaior, standard type.
3 ©. 1) (0.01) [sh] :
Pregsure Cuff 1438 1] 0.3 0 1.4 15 With transducer for blood preasure tneasurement.
1 {0.5) (0. 05) (3)
Pressure Cuff Pump 143F| 0 0.5 20 2.8 5 Air pump for automated measurement of primate
1 (1.0} {0.1) 1) blood pressure.
Receiver 1508 1 0.05 10 2.8 400 Receiver and Data Processing Unit, to allow data
2 0.1 0.1) (20} acquisition of biophysiological events vie a telemetry
{0.8)" | system. Organigm i8 provided with a transducer and
microhackpack transmitter.
Sensor, Implanted 1554 1] 0.06 0 .03 1 Deep Body Temperaturs Measurement.
12 0.1) {0.001)}| (1)
Tetup. Sensor, Body 177 8 0.1 | 0 0.03 1 For vertebrate body temperature measurements.
32 0.2) (¢.001y| (1)
Transducer, Blood 183d 0 0.06 | 1 1.0 35
Prassure i} (0.1) (0.086) (&

* EINo. in parentheses in this column indicates that the item 1s needed only for the dedicated 30-day misgion,

**  Number of wnits (Fls) required in shared leboratory is given by the upper number, and the mumber required in the dedicated
laboratories ia shown by the lower mmbers, Parentheses indicate the number required for the 30~day laboratory (only if it s
different from the number required for the dedicated 7-day laboratory).

ek Average power while equipment 18 operating,
+ The top number @mparenthesized) ie development oost. The parenthestzed mumbers are unit costs, and e plus (+) indicates a
unit cost value for a commercially availeble item intended for ground use.
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TABLE I.11-3

~ EQUIPMENT VOLUME AND PLACEMENT

SHARED AND DEDICATED LABORATORIES

E.U. 40/41/42 - SMALL VERTEBRATE HOLDING UNIT,
PRIMATE HOLDING UNIT, AND VERTEBRATE RESEARCH SUPPORT UNIT

(NO RACK OR CONSOLE REQUIRED)

Ttems (E.1.8)

—

a9
Volume, Am? ({1

Shared 1 Dedicated I Dedicated
7-Day Lab | 7-Day Lab {30-Day Lab

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS

28A Small Primate Cages

30A Rat Cages - in Cage Module Volume
100 Metabolic Mass Balance Devices for Primates (in Monkey Cages)
103 Small Vertebrate Cage Modules
118D Manifold
132A VCOs - in Cage Module Volume
150B Receiver - in Cage Module Volume
156K Signal Conditioner Rack

TOTALS

SMALL STORAGE EQUIPMENT ITEMS

(Can be stored in miscellaneous small

storage areas)

28 Metabolic Mass Balance Cage

76G Ultrasonic Flowmeter
115 Vetferinary Kit
143E Pressure Cuff with Transducer
143F Pressure Cuff Pump
155A Implantable Sensor
177 Temperature Sensors

181C Blood Pressure Transducer

TOTALS

et B e g g e

H
t
i
¢
i

0 1132 1132

0 0 0

0 : 0 0
376 | 376 376
negl. | negl. negl.
0 % 0o | 0

o | o 0
o . _0 i _92
376 i 1508 | 1600
(13.3) ; (53.3) ; (56.5)

| |
i j

28 28 | 28
0 3 3
28 . 28 | 28
0 ! 1 1

0 ] 3 3
negl. negl. 1; negl.
negl, negl. | negl.
_0 5 | 6
56 89 i 69
@) 2.4 | _.__ @4

t
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Figure I.11-1
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EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatie function

designates payload or experiment specific

high use frequency by crew

bracket data is for the 30-Day Dedicated Laboratory only
Included in EI 32A

part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same as No. 2 above

(2L L R * > M
S
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TABLE 1.11-4A, EQUIPMENT OPERATIONS ANALYSES - EQUIPMENT UNIT 40. SMALL VERTEBEATE HOLDING UNIT

DEDICATED LAB SHARED LAB
NO. OF CHREW AVE. NO. OF CREW AVE,’
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MIN/DAY WATTS REQ'D FREQ. |MIN/DAY WATTS
28 CAGE, MMB, RAT 1* 1%
304 CAGE, RAT/HAME/QUAIL 16 18
4A Vertebrate watering C A - C A -
1304 Holding, mice and mice sizé animals 1/2 ¢ A - - - -
1314 Holding, rats, quail, stc. /2 ¢ A 72 1/2¢ A 12
0 72 0 72
108 HOLDING UNIT, SMALL VERTEBRATES 2 b
1314 Holding, rats, gquail, ete. 1/2 ¢ A o 1/2 ¢ A 0
134A Holding, rabbits, cats, marmots, etc. 1/2¢C A 0 - - -
137A Holding, colony, mice, hamsters, etc. i/2¢ A 0 - = -
.0 0 ¢ [
118D MANIFOLD, ORGANISM, WATER 1 1
44 Vertebrate watering C A 1] C A 0
130A Holding « mice and mice size animals 1/2 ¢ A 0 - - -
131A Holding - rats, quail, etoc. 1/2 ¢ A 0 1/2 ¢ A 0
1344 Holding - rabbits, cats, marmots, etc. 1/2 ¢ A 0 - - -
174 TANK, VERTEBRATE WATER * a 0 1* ¢ 0
EU TOTAL 72/72 72/72
(72/72)
*Use is experiment spacific. 4 Part of ECS.
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TABLE 1.11-4B. EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 41. PRIMATE HOLDING UNIT

DEDICATED LAB SHARED 14AB
NO. OF CREW AVE, NO. OF CREW AVE.”
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USBING FUNCTION REQ'D FREQ, MIN/DAY WATTS REQ'D FREQ. MIN/DAY WATTS
284 CAGE, MONK, MACAC 2 0
128C Holding, primates 1/2 C A 100
129D Holding, primates 1/2 C) {A) RN
0 1p0
100 HOLDING UNIT, MMB, PRIMATE Q 0
10¢ Holding, primates, metabolic mets, ) /2 ¢) (A} (35)
129D " " /2 cC (A) (t})
0 {35}
156E SIGNAL COND. RACK 0 0
1290 Holding, primates (4) 1/2¢ {49 o
(] ¢
EU TOTAL 100/100 00
(135/135)
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TABLE L 11-4C. EQUIPMENT OFERATIONS ANALYSIS - EQUIPMENT UNIT 42. VERTEBRATE RESEARCH SUPPORT UNTT

DEDICATED LAB SHARED LAR
RO. OF CREW AVE! NQ, OF CREW AVE,’
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | mMm/DaY | WATTS REQ'D FREQ. |MIN/DAY WATTS
76G FLOWMETER, ULTRASONIC 2 0
21B Cardiac output 1/wk 2.9 0
2 0
1156 KIT, VETERINARY 1 1
A Organlsm mass measurementa {restraints for 1/3 dy 1.7 0 1/wk 1.0 0
primates, verts., plants, inverts.)
14B Bloeleciric trangducer install. & setup (FET electrode 2/2 dy 10.0 4] - - -
transducers)
21A Cardinc gutput (restraint systems) 2/wk 4.0 0 - -
30A Gross anatomies - - - 1/wk 4.0 )
318 Biosampling 6/dy 30.0 0 3/dy 15.0 o
92B Vertebrate radiochemistries (syringes and needies) 4/ wik 16.0 0 2/wk 8.0 0
218B Deep body temperature c A 0 - - -
62 0 28 0
1324 OSCILLATOR, VCO 3 0
17B Monitor ECG c 1.8 3
18E Monitor EEG o} 1.4 1
19B  Monitor EMG o 1.4 a1
5 3
143E PRESSURECUFF W/TRANSDUCER 1 0
1814 Arterial blood pressure 2/dy 10.0 0
4244 Carotid body stimulation response 2/wk 1.0 o
21 [}
143F PRESSURECUFF PUMP 1 0
161A Arterial blood pressure 2/dy 10.0 0.3
10 1]
150B RECEIVER ~ EXG, CAGE MODULE 2 1
17¢ Monitor ECG 2/wi 4.0 2¢-C 2/whk 4.0 10 -¢
4 20 4 10
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TABLE 1.11-4C. EU 42 (cont'd)
DEDICATED LAB SHARED LAB
NO. OF CREW AVE! NO. OF CREW AVE,”
EQUIP. ITEMSB FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. |mm/pa¥ | waTts | REQ'D FREQ. | MIN/DAY WATTS
1554 SENSOR, IMPLANTED 12 1]
218B Deep body temperature o A 0
[i] 0
197 TEMFERATURE SENSQR, BODY 32 8
22A Temperature measmis. (thrmepl) 108 min/wk 2.0 0 5 min/wk 1.0 0
22B " " (thrmstr) 10 min/wk 2.0 0 5 min/wk 1.0 0
403A Average sldn temperature (thrmetr) 4/wk 4.0 0 - - =
B 0 2 Q
181¢C TRANSDUCER, BLOOD PRESSURE [} a
164A Peripheral venour blood pressure 2/wk 6.0 0.1
6 4]
EU TOTAY, 23/23 10/10




TABLE I.11-5. DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS

E.U. 40/41/42 SMALL VERT. HOLDING UNIT/PRIMATE HOLD, UNIT/VERT, RES, SUPPORT UNIT

SENSOR/SIGNAL CHARACTERISTICS PROCESSING o
Bits jSampling |Sampling Total Total
EQUIPMENT ITEMS (E.U.#/E,L.#) Sigmal | No. of per |Duration | Rate per |Bit Rate, | Bita
AND SIGNAL IDENTITY Rango Resslution Type | Chan, Sample | min/day | Channel BPS per Day COMMENTS
Vertebrate Cage Modules (2) (h0/103)
& Primate Cylinders (2) (Li/28a)
Tempersture Monitor 20-30°¢C 0.5°¢ Anal. 4 5 cont., Ghmin 2 173K
Temperature Control (Cn-0ff) 2 positions | 1 pesiticn Dise. 4 1 cont, G/min negl. 35K
ECS Flow Rate Monitor 0-5 V 0.1 v Anal. Y & cont., 6/min 2.4 207K
ECS Flow Rete Control 2 positions | 1 position Dise. L 1 cont, 6/min negi. 35K
Relative Humidity Monitor 30-959 14 Anal. k 7 cont. 6/min 3 2h2x
Relative Humidity Contrel 2 positions { 1 position Disc. L 1 coant, &/min negl. 35K
pCO2 Monitor 1-8mm Hz 0.1mm Hg Anal. b 7 cont. A fmin 3 2heK
p02 Monitor 14o-180mn Hgl lmnm Hg Anal. L 6 cont. 6/min 2 207K
p02 Control 2 positicns | 1 position Disc, L 1 cont. 6/min negl. 35K
Total Pressure Monitor THOL20mm Hg | 2mm Hg Anel, b 5 cont. 6/min 2.0 173K
— PFressure Control 2 positions | 1 position Disc. 4 1 cont. 6/min negl. 35K
'..!; Water Flow Monitor 0-5 ¥ 50 mv Anal, 18 7 cont. 1/min 2 181%
@ Water Supply Control 2 positions | I position Disc. 18 1 cont. 1/min negl. 26K
Feeder Control 2 positions | 1 pesition Disc. 18 1 cont. &/hr negl, 3K
¥oltege Contrelled Oseillator (L2/132a)
Output Signal 0-5 v 50 mV Anal. 1 T 5 500/sec | 3500 1.0M
(0=100 Hz}
Blood Pressure (L42/143E & 1810)
Coupler Output 0-5 Vv 50 mv Anal. 1 7 27 50/sec 350 567K
{0-10 Hz)

3.196 M

TOTAL
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TABLE 1. 11-6. TYPICAL EQUIPMENT UNIT FUNCTIONAL INTERFACES

kit,

CRITI-
EU # DESCRIPTION OF FUNCTIONAL INTERFACE WITH E.U. 40/41/42 CALITY*
1 Video recording and photographic documentation of vertebrate behavior within the holding units, 2
2 Display, processing, and storage of electrophysiological signals from vertebrate holding units, 3
3 Use of crew restraints while working with vertebrates. 2
4 Removal of blood samples from selected vertebrates within the LFR with subsequent transfer 3
and processing in centrifuge for final electrophoresis of the serum phase.
5 Determination of gas concentrations within the vertebrate holding units by means of gas 3
chromatography, mass spectroscopy, etc. Use of the autoanalyzer for the determination
of electrolyte concentrations in rat serum obtained with the veterinary kit and hematology kit.
6 Maintenance of vertebrate organisms using organism holding and management kit and clean-up 3

*1 = Minimal, 2 = Nominal 3 = Maximal
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TABLE I.11-7.

COST SUMMARY -
EQUIPMENT UNIT - 40 BSMALL VERTEBRATE HOLDING UNIT

LIPMENT IDENTIFICATION DEVE MENT SHARED SORTIE (7 DAYS) DEDICATED SORTIE (7 DAYS) DEDICATED SORTIE (30 DAYS) COMMER-
Time Dev. Tnit No. Total Dev. Unit Nao. Total Dev. Unit No. Total CIAL
[N Title Type {Yre) fCost $K | Cost $K | Req. Cost $K [ Cost $K | Cost $K q. | Cost $X _[| Cost $K | Cost $K | Req. | Cost $K COSTS REMARKS
28 CAGE, MMB, BAT REDESIGN I 1000 10 1 1010 1000 10 1 - 1010 1000 10 1 1010
304 CAGE, RAT/HAMP/QUATL SRT I 100 1 16 116 100 1 16 116 100 1 16 116
103 HOLDNG UNIT, SM VERTS SRT 3 5000 10 2 5020 5000 10 2 5020 5000 10 2 5020
118D |MANTFOLD, ORGANSM, WATER REMFG 1 - 5 1 5 - 5 1 5 - 5 1 5 R&D COST IN EI103
TOTAL COST ESTIMATE 6100 51 6151 6100 51 6151 6100 51 6151 °
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TABLE I.11-8,

COBST SUMMARY -

BQUIPMENT UNIT - 41 PRIMATE HOTLDING UNIT

| DEVELOPMENT SHARED SORTIE (7 DAYS) DEDICATED SORTIE (7 DAYS) DEDICA TED SORTIE (30 DAYS} COMMER -
Time Dev, Unit Na. Tatal Dev. Unit No. | Total Dev. Unit No. | Total CIAL
. Title Type ¢Yre} ICost $X | Cost 5K | Req. | Coat 3K || Coat $K | Cost $Ki Req. | Cost $K || Cost $K | Cost $K | Req. { Coat $K COSTS REMARKS
28a CAGE, MONK, MACAC REPACK 1 o o] 400 25 2 450 koo 25 2 450
100 HOLD UNIT MMB PRIMTE REDESIGN 1 0 o] 1000 100 1 1100
136E | STGNT. COND RACK REPACK 2 0 o] a s} L o} 'COST IN EILOR
!
i
TOTAL COST ESTIMATE o 0 0 400 | 50 450 1koo 150 1550
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TABLE I.11-9.

COST SUMMARY ~
EQUIPMENT UNIT - 42 - VERT RESEARCH SUFFORT UNIT

| EQUIFMENT IDENTIFICATION DEVELOPMENT SHARED SORTIE (7 DAYS) DEDICATED SORTIE {7 DAYS) DEDICATED SORTIE (@0 DAYR} COMMER-
. Time Dev, Unit No. Total Dev. Unit No. | Total Dev. Unit No. | Total CIAL
N Title Type (¥rs) llcost $K | Cost $K | Req. | Cost $K | Cost $K | Cost $K| Req. | Cost 3K || Cost $K | Cost $K | Reg. | Cost $X )| COSTS REMARKS
766G FLOWMETER, ULTRASONIC MINIMAL o] Q 1 1 2 3 1 1 2 3
115 KIT, VETERNRY REMFG 1 75 10 T 85 75 10 1 85 75 10 1 85 500. 00
132A | OSCILLATOR, VCO MINIMAL 1 0 0 3 1 3 & 3 1 3
1k3E | PRESS CUFF W/XDCR MINIMAL 1 o o 15 3 1 18 15 3 i 6
143F | PRESS CUFF PUMP MINIMAL 1 0 o 5 1 1 ] 5 1 1 16
150B | RBOVR-EXG CAGE MOD REDESTGN 3 Loo 20 1 uz2o koo 20 2 4lo 400 a0 2 Lo
155 | SENSOR, IMPLNTD MINIMAL 0 ] 0 1 1 12 13 1 1 12 13
177 © |T SENS, BODY -| MINTMAL o] 1 1 8 1 1 32 33 1 1 32 33
181¢ |XDCR BLOOD PRESS REPACK 1 o 35 5 & 5 35 5 & 65

TOTAL COST ESTIMATE L76 38 51k 536 133 669 536 133 669




I.12 EQUIPMENT UNIT 50/51/70 - PLANT HOLDING UNIT (50), PLANT RESEARCH
SUPPORT UNIT (51), & INVERTEBRATE HOLDING UNIT {70)

1.12,1 FUNCTIONAL CAPABILITY AND SUMMARY DATA. These equipment units
provide the environmental enclosures and equipment support for the growth of plant
organisms and housing of invertebrate organisms. A summary of their combined pro-
perties is given in Table I.12-1,

I,12,2 EQUIPMENT ITEMS. Major equipment items include the plant holding unit
(cage module), an enclosure for making metabolic mass balance measurements on
plants, a clinostat, a plant tool kit, and a holding unit for invertebrates. The equip-
ment list is given in Table 1.12-2, and volume and placement of this equipment are
indicated in Table I.12-3. There are no racks or consoles required for these EUs;
however, a drawing of a typical cage module (vertebrate configuration) is shown in
Figure 1,12-1 for completeness,

1.12.3 OPERATIONS AND INTERFACES.,

Equipment Operations Analysis -~ See Table 1.12-4,

Data Requirements - See Table 1.12-5,

Launch and Re-entry Operations. Launch and reentry considerations for the
plants and invertebrates are similar to those for the vertebrates, see Section I.11.,3.
The organisms should be loaded as late in the launch sequence as practical and recovered
as soon after landing as practical., Depending upon the experiment, some data manage-
ment equipment may be required during ascent and descent, Ascent and descent ac-
celeration and vibration forces will probably require special protective devices during
these mission phases. The plant supports will require emplacement prior to ascent and
descent, and removal upon achieving orbit and landing,

Electrical Power. For these E.U.s, the estimated maximum peak electrical
power was obtained by adding up all the power consuming equipment given in Table
1.12-2, It was estimated that all this equipment could be operating simultaneously.

The major power consumers are the lights in the plant holding unit, which are generally
a.c. powered fluorescent lamps. For this reason, 70 watts of the on-duty average
power was assumed fo be a.c. The remainder was assumed to be d.c., including 50
watts d.c. for the invertebrate holding unit heaters.

Heat Rejection. The major heat load results from the plant cage module light-
ing. In the current prototype plant cage module (built by Convair), these lights are
cooled by the cahin air. The other heat loads would also be cooled by the cabin air.
Therefore, the total heat load was assumed to be rejected to the cabin air.

Typical Equipment Unit Functional Interfaces - See Table 1,12-6,

1.12.4 EQUIPMENT ITEM COST SUMMARY. See Tables I.12-7, I.12-8 & L12-9.
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TABLE I.12-1. E.U. 50/51/70
PLANT RESEARCH SUPPORT UNIT/INVERTEBRATE HOLDING UNIT -

SUMMARY OF PROPERTIES

PLANT HOLDING UNIT/

Dedicated

Shaved Dedicated
Property 7-Day Lah | 7-Day Lab [ 30-Day Lab
Number of Racks & Consoles 0 0 0
Volume, dnf (f), Total 592 (20.9) | 592 (20.9) | 592 (20,9)
Racks & Consoles 0 0 0
Distributed & Exira Items 376 376 376
Small Storage Items (Misc.) 216 216 216
Fixed Weight, ke (lb) 112 (246) | 125 (275) | 125 (275)
Electrical Power, w
On Duty* Averare Power, Total 130 131 131
Estimated d.c. 60 61 61
Estimated a.c. 70 70 70
Off~-Duty* Average Power, Total 130 130 130
Estimaled d.c. 60 60 60
Estimated a.c. 70 70 70
Estimated On-Duty Peak Power 2490 240 240
Heat Rejection, Wt
On Duty Load, Total 130 131 131
Estimated Air Cooled Load 130 131 - 131
Estimated Cold Plated Load 0 0 0
Off Duty Load, Total 130 130 130
Estimaied Air Cooled Load 130 130 130
Estimated Cold Plated Load 0 0 0
Development Cost, $K 1278 1278 1278
Unit Cost, $K 44 61 61
*12 Hours
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TABLE I.12-2, EQUIPMENT ITEMS (Elaj CONTAINED IN EQUIPMENT UNIT # 50/5L/70
PLANT HOLDING UNIT (50), PLANT RESEARCH SUPPORT UNIT {51)
& INVERTEBRATE HOLDING UNIT (70 ’

i T No. of
Units Coat
Regd.#| TUnit Unit Unit Davealop,
E.L | Shared, | Welght | Pwr**¥ Volumg | (Unit)*
E.I. Name I No.*| Ded. kg (b.} | watts dm? (7" $K Comments
‘ E.U. 50 - Plant Holding Unit
Cage, MMB, Plant 26B ! 1 11 30 Fiis 1000 Cage for Metabolic Mass Balance Measurements on
i 2 (25) (2.73) {10} Planta. Conceptual design item.
!
Cage, Plant 29 1 4.5 Q 67 1060 Pot for plants, Values shown are for package of 16,
1 (10} 2.0 (08)] .
P
Holding Unit, Plants i1t ot 27 140 133 - Basically a cage module. Dev. cost in E.I. 103.
¢ HE | (60) (6.64) (10)
i
Tank, Plant/Invert. s Lo - - - - For plant wataring/fertilization. Part of organism ECS.
Water } 1 -
E,U. 51 = Plant Regearch Support Unit
Cape Shelf, Plant JoB 1 0.5 1} 2.8 20 Shelf for holding unit to support plants. With re-
Seedlings 1 1) 0.1y i quired clamps and bracketsa,
Clinostat 50 1 10 10 89 50 Device to slowly rotate plants.
1 {22) (3.14) (T}
Kit, Plant Tool 111 1 a 1] 118 25 Scissors, tweezerd, knives, ete.
1 2m (4.0) {3}
Motorized Plant . 131D, 2 0.5 5 0.6 7 Motorized Deviee for monitoring plant prowth and
Growth Monitor : 4 48] (0.02) 1) movement. Contact on plant-makes or breaks switch
! to stepping motor device.
Pump, Gas Circulating 143C 2 0.5 5 0.6 3 Pump for sealed plant growth chamber, for radio~
2 1) (0.02) 1] blology tests.
Squibs, Fizative 1568 4 0.05 ] .03 | Reactive devige to stop plant growth,
8 0.1) (0.001)} (1)
Squib Firing Apparatus 160 1 0.0 | 0 ©.3 3
{ 2 (0.2) (0.01) 1)
|
: E.U, 70 - Invertebrate Holding Unit
Cage, Invertebrates }25 1 7.3 /] 28 5¢ Containers for invertehrates. Values shown are
| 1 {16} (1.0) {1} estimates for package of 32. ’
Holding Unit, Incubator - 98C 1 36.4 50 188 - Holding it for Invertsbrates, Baslcally a cage
Invertcbrates : i {80) (6.64) {10) module. Dev. costin E.I. 103, E.U. 40,
!
Kit, Tool - fsAl 1 4,5 )} 14 20 Tool kit for counting, sorting, examination, ete.
Ingect Manipulation ' 1 fali] {0.5) (3}

* EINo, In parentheses in thig column indicates that the item s needsd only for the dedicated 30-day mission.

*+ Number of units (EIs) required in shared Iaboratory is given by the upper mumber, and the mmber required in tha dedicated
lghoratories is shown by the lower mumbers. Parentheses indicate the number required for the 30-day laboratory (only If it is
different from the number required for the dedicated 7-day laboratory).

***  Averago power while equipment is operating.
+ The top mumber (mparenthesized) is development cost. The. purentheaized numbers are unit costs, and a plus {+} indicates a
unit cost value for & commercially available item intended for ground use.
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TABLE 1.12-3 - EQUIPMENT VOLUME AND PLACEMENT
SHARED AND DEDICATED LABORATORIES

E.U. 50/51/70,

(NO RACK OR CONSOLE REQUIRED)

.= PLANT HOLDING UNIT (50), PLANT RESEARCH SUPPORT UNIT (51), &
INVERTEBRATE HOLDING UNIT (70/

- Volume, dm® (ftg)
Shared Dedicated Dedicated
Items (E.l.s) 7-Day Lab{ 7-Day Lab| 30-Day Lab
DISTRIBUTED OR EXTRA EQUIPMENT ITEMS
25 Cages for Invertebrates - in Holding Unit | 0 j 0 0
26B  MMB Enclosure - in Cage Module f 0 0 0
30B Shelf ~ in Cage Module ‘
29 Pots - in Cage Module 0 0 0
98C  Invertebrate Holding Unit 188 188 188 |
101 Cage Module 188 188 188
131D Plant Monitoring Device - in Cage Module 0 0 0
143C Gas Circulating Pumap - in Cage Module _0 0 _0
TOTALS 376 376 376
(13.3) (13.3) (13.3)
SMALL STORAGE EQUIPMENT ITEMS
{Can be stored in miscellaneous small .
storage areas) i
50 Clinostat 89 89 89 i
111 Plant Tool Kit 113 113 113 :
113A  Tool Kit for Invertebrates 14 “ 14 :
156B Fixative Squibs negl. negl. | negl, It
156C Squib Firing Apparatus negl. negl., negl. ;
TOTALS 216 216 ' 216
e (7. 6) (7.6) (7.6)
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EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatic function

designates payload or experiment specific

high use frequency hy crew

bracket data is for the 30-Day Dedicated Laboratory only
included in EI 32A

part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same as No, 2 above

L R e
S’
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TABLE I.12-4A. EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 60. PLANT HOLDING UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE! NG, OF CREW AVE.’
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | mmn/DAY WATTS REQ'D FREQ. |MIN/DAY WATTS
268 CAGE MMB, PLANT 2 1 )
91A Plant radiochemistries (fixed) 4/wk 16.0 1.4 - - -
918 " " {portahle) - - - 2/wk 8.0 0.3
16 1 8 Q
29 CAGE, PLANT, POT 1 1
133A Holding unit plants /2 ¢ _A 0 /2 ¢ _A 0
) [} ¢ [
101 HOLDING UNIT PLANT 1 1
90A Histological staining 2/wi 1.4 - - - -
1324 Houaing - plant seedlings 1/2 ¢ A - 1/2¢C A -
1334 Holding unit - plants 1/2¢ A - 1/2¢ _A _-
1 70 0 70
175 TANK, PLANT/INVERT WATER 1* r
EU TOTALS 71/70 70/70
{11/70)

* Part of ECS.
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TABLE I,12~4B, EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 51. PLANT RESEARCH SUPPORT UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE! NO. OF CREW AVE.
EQUIP. ITEMS FUNCT. TIME » POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MIN/DAY | WATTS REQ'D FREQ. |vmv/DaY WATTS
30B CAGE SHELF, PLANT SEEDLING 1 1 ‘
1324 Housing - plant scodings 1/2¢C A '] /2 ¢’ _A Q
0 0 0 0
50 CLINOSTAT 1 1
1844 Clinostat environment 30 min/wk 2.0 0.1 30 min/wk 2.0 e.1
2 0 2 o
11 KIT, PLANT TOOLS 1 1
31B Biosampling 6/dy 30.0 [ 3/dy 15.0 Q
30 e 15 0
131D MOTOR, PLANT GROWTH MONITOR 4 2
65D Plant activity 1 min/dy 1.0 0.1 1 min/dy L0 2.1
1 ) 1 [
14a¢ PUMP, GAS CIRCULATING 2 2
914 Plant radiochemistries (fixed) 4/wk 16.0 10-¢ - - -
91B " " {portable) - - o 2/wk 8.0 10-¢c
16 10 8 10
156B SQUIBS, FIXATIVE 8 4
B854 Starch gramle assay 10 min/wk A ] 5 min/wk A 0
0 0 0 o
156C SQUIB FIRING APPARATUS 2 1 :
854 Starch granule agsay 10 min/wk A o 5 min/fwl’ A o
[ 0 0 0
EU TOTAL 10/1¢ 10/10
(10/10)
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TABLE I.12-4C. EQUIPMENT OPERATIONS ANA LYSIS - EQUIPMENT UNIT 70. INVERTEBRATE HOLDING UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE! NO. OF CREW AVE.’
EQUIP, ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. | MIN/DAY WATTS REQ'D FREQ. |MIN/DAY WATTS
25 CAGE, INVERTEBRATES (JARS) 1 1
1364 Holding, invertcbrates c A 0 C A 0
0 0 0 0
98C HOLDING UNIT INCUBATOR ~ INVERTEBRATES 1 1
1364 Holding, Invertebrates c A 50 c A 50
0 50 a 50
1134 KIT, TOOL - INSECT MANTPULATION 1 1
78A Invertebrate counting and sorting 15 min/dy 15.0 Q 5 min/dy 5.0 a
15 0 5 0
EU TOTAL 50/50 50/50
{50/50)




E.U. 50/51/70

TABLE L.12-5. DEDICATED 7-DAY LABORATORY SAMPLED DATA REQUIREMENTS
- PLANT HOLDING UNIT/PLANT RESEARCH SUPPORT UNIT/INVERTEBRATE HOLDING UNIT

SENSOR/SIGNAL CHARACTERISTICS PROCESSING |
Bits |Sampling |Sampling Tatal Total
EQUIPMENT ITEMS (E.U.#/E.T. #) Signal | No. of per Duration Rate per |Bit Rate, Bite
. AND SIGNAL IDENTITY Range Regoluton Type | Chan. Sample | min/day | Chanpel BPS per Day COMMENTS
Plant Cage Module (50/101), Invert. Capgs Module 170/98C)
Temperature Monitor 20-30°c 0.5°¢ Anal, 3 6 cont, . &/min 2 155K
Tempersture Control {On-Off) 2 pogitions | 1 position Disec. 3 1 cont. & /min negl. 26K
ECS Flow Rate Monitor 05 V 0.1V Anal 3 [ cont. 6/min 9 156K
ECS Flow Rete Control 2 positions | 1 pesition Dise. 3 1 conk. 6/min negl. 26K
Relative Bumidity Monitor 30-100 1% Anal 3 7 cont. 6/min 2 155K
Relative Humidity Control 2 positions | 1 position Disec, 3 1 cont. 6 /min negl 26K
PCO2 Monitor 0-8 e He 0.1 mm Hg Anal, 3 7 cont. 6/min 2 181K
Tllunination (footcandles} 0-200 fc 1 fe Anal, Y 8§ cont. &/min 3 276K
Tllumination Control 10 levels 1 level Dig. L L cont. 6/min 2 138K
po2 Monitor ‘ 140-180 mm Hg 1 mm Hg Anal 1 & cont, &/min 1 52K
p02 Control 2 positions | 1 pesition Dise. 1 1 cont., 6/min negl. 9K
Totul Preasurs Monitor T6OL20 wn Mgl 2 mm Hy anal 1 5 cont. 6/min 1 43K
T Pressure Control 2 positions | 1 position bisc. 1 i cont. §/min negl, K
& Water Flow Momitor Q-5 v 50 mv Anal, i 7 cont, 1/miin negl. | LoK
Water Flow Control 2 positions 1 pogition Disc, L 1 conh. l/mj.n negl 6K
Clinostat {51/50
Tachometer Cutput 0a5 V 0.05 V Anal. 1 7 cont, 1/min negl. 10K
Piant Movement Sensor {51/131D)
Stepping Motor Encoder 0-100 1 Dig. L 7 cont. 6/min 3 aher

1,B549K

TOTAL
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TABLE I1.12-6 - TYPICAL EQUIPMENT UNIT FUNCTIONAL INTERFACES

radiation counter,

CRITI~
EU # DESCRIPTION OF FUNCTIONAL INTERFACE WITH E.U. 50/51 CALITY*
1 Video and photographic monitoring of plant movement, and experiment phenomena such as 1
clinostat effects. Close-up photography studies and photomicrography of parasitic affinity
for plant tissues on 0-g.
2 Handling and storage of incrementally acquired data from the clinostat and make-break motor 2
assembly for assessment of plant adaptation to rotating environment and zero-g.
3 Air flow rate measurements into plant and invertebrate holding module, Acceleration 9
. ‘measurements during clinostat operation,
4 Measuring soil pH and taking plant tissue samples with the aid of the Laminar Flow Bench (LFB). 3
Dissection of plant tissue structures using the plant tool kit, LFB mass measurement device
and dissecting microscope.
5 Determination of CO, concentration and humidity within the plant module using the COg gas 3
analyzer and water vapor meter.
6/7 Maintenance of plant specimens using the tool sterilizer, plant tool kit, and linear measure-~ 3
ment kit. Storage of small items.
26 Determination of radioisotope uptake in plants using the clinostat, gas circulating pump, and 3

*1 = Minimal, 2 = Nominal 3 = Maximal
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TABLE 1.12-7. COST SUMMARY -
EQUIPMENT UNIT - 50 PLANT HOLDING UNIT

| DEVELOPMENT SHARED SORTIE {7 DAYS) DEDICATED SORTIE (1 DAYS) ||  DEDICATED SORTEE (30 DAYS) COMMER-
. Time Dev. Unit No. Total Dev. Unit No. | Total || Dev. Unit No. | Total CIAL
Mg Title Type oves) JCost $K | Cost $K | Req. | Cost $K || Cost $K | Cost $¥| Req. | Cost $K || Cost $K | Cost 3K | Req. | Cost 3K COBTS REMARKS
268 | caGE MMB PLNT REDESTGN 3 1000 10 1 1010 1000 10 2 1020 1000 10 2 1020
29 CAGE, PINT, POT SRT 1 100 1 1 101 100 1 1 101 100 1 1 101
101  {HOLD UNIT, PLNT SRT 3 - 10 1 10 - 10 |z 10 - 10 1 10 {R&D PART OF 103
!
TOTAL COST ESTIMATE 1100 21 1o 100 ;3 1131 1160 Eal 1131
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TABLE I.12-g,

COST SUMMARY -
EQUIPMFNT UNIT - 51 PLANT RESEARCH SUPPORT UNIT

TIPMENT IDENTIFICATION | DEVETOPMENT SHARED SORTIE (7 DAYS) DEDICATED SORTIE {7 DAYS) DEDICATED SORTIE (30 DAYS) COMMER-
Time Dev, Unit Ho. Total Dev, Unit No. Total Dev. Unit No. Total CIAL
No, Titla Type (¥rsy |cost $K | Cost 3K | Req. | Cost 8K || Cost $K | Cost $K| Reg. | Cost $K |i Cost $K | Cosi $K | Req. | Cost 3K | COSTS REMARKS
30E | CAGE SEELF, PLNT SEEDL REDESIGN 1 20 o 1 20 20 a 1 20 20 0 1 20
50 ¢ LINOSTAT REMFG 1 50 7 1 57 50 7 1 57 50 7 1 57
Il
111 | KIT, PLHT TOGLS REMFG 2 25 3 1 28 25 3 1 28 25 3 1 28 !
131D |MCTOR, PLNT GEWTH MNTR REPACK i 7 1 2 9 7 1 " 1 7 1 4 11
143c | PIMP, GAS CTRCUTATNG MINIMAL 1 3 1 2 5 3 1 2 5 3 1 2 5
1558 | 5QUIBS, FIXATIVE MINIMAL 1 0 1 L L 0 1 8 & 0 1 8 8 !
1560 | SQUIBS FIRNG APFRTS MINIMAL 1 3 1 1 L 3 1 2 5 3 1 2 5 !
: |
TOTAL COST ESTTMATE 108 19 127 108 26 13k 108 26 134 .
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TABLE I.12-9,

COST SUMMARY -

EQUIPMENT UNIT - 70 INVERTBERATE HOLDING UNIT

IIEMENT IDENTIELCA TICN DEVELOPMENT SHARED SORTIE (7 DAYE) DEDICATED SORTIE (7 DAYS) DEDICATED SORTIE (30 DAYS) COMMER-
Time Dev. Unit No. Total Dev. TUnit No. Total Dev, Unit No. Total CIAL
Luu Tifle Type (¥rs) llCost $ K | Cost $K | Req. Cost 3K [ Cost $K | Cost 3K} Req. Cost 3K || Cost $K | Cost $X | Req. Cost $K COSTS REMARKS
2% CAGE , TNVERT, JARS RETESIGN 2 50 1 1 51 50 1 1 51 50 1 1 51
98¢ HOLD UNIT INCEBTR-INVRTS SRT 3 - 10 1 10 - s 1 10 - 10 1 0 R&D COST ¥ 103
1138 KIT, TCOL-INSECT MANIP REMFG 2 20 3 1 23 20 3 1 23 20 3 1 23
i
i
TOTAL COST ESTIMATE 70 14 84 70 1k 8l 70 14 8l




I.13 EQUIPMENT UNIT 60/61 - CELLS & TISSUES HOLDING UNIT (60), & CELLS
& TISSUES RESEARCH SUPPORT UNIT (61)

1.13.1 FUNCTIONAL CAPABILITY & SUMMARY DATA. These equipment units pro-
vide for the housing of cells and tissues, as well as supporting research in these areas.
Summary data is presented in Table I.13-1.

[.13.2 EQUIPMENT ITEMS. The major equipment includes 2 holding units (cage
modules) for cells and tissues, see Table 1.13-2. Equipment volume and placement
are indicated in Table 1.13-3, There are no racks or consoles required for these
EUs; however, a drawing of a typical cage module (vertebrate configuration) is shown
in Figure 1.13-1 for completeness.

[.13.3 OPERATIONS AND INTERFACES,

Equipment Operations Analysis - See Table I.13-4,

Data Requirements - See Table I.13-5.

Launch and Reentry Operations ~ As with the other organisms, any cells and
tissues which are being launched should be loaded as late as practical in the launch
sequence and recovered as soon as possible upon Sortie Module return. DMS and ECS
support may or may not be required during ascent and descent depending upon the
particular experiment. ‘

Electrical Power - Most of the power is used for heaters in the holding units for
temperature control. These are on continuously and were assumed to be designed for
d.c. power. The peak power for these EUs will be 105 watts.

Heat Rejection — Most of the heat supplied to the holding units is to maintain
temperatures higher than ambient. Most of this heat is expected to be lost to the cabin
air.

1.13.4 EQUIPMENT ITEM COST SUMMARY - See Tables 1,13-6 & 1.13-7.
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TABLE 1.13-1. E.U. 60/61 - CELLS & TISSUES HOLDING UNIT/
CELLS & TISSUES RESEARCH SUPPORT UNIT - SUMMARY OF PROPERTIES

- ey

Sharcd

*12 Hours

S

Dedicated Dedieated
Property 7-Day Lab | 7-Day Lab |30-Day Lab
Number of Racks & Consoles 0 0 0
Volume, dni’ (ft’), Total 390 (13.8) 390 (13.8) | 404 (14.3)
Racks & Consoles 0 0 0
Distributed & Extra Items 376 376 376
Small Storage Items (Misc.) 14 14 28
Fixed Weight, kg (Ib) 74 (163) 74 (163) | 78 (172)
Electrical Power, w
On Duty* Average Power, Total 100 100 100
Estimated d.c. 100 100 100
Estimated ga,c. 0 0 0
Off-Duty* Average Power, Total 100 100 100
Estimated d.c. 100 100 100
Estimated a.c. 0 0 0
Estimated On-Duty Peak Power 105 105 105
Heat Rejection, wt
On Duty Load, Total 100 100 100
Estimated Air Cooled Load 100 100 100
Estimated Cold Plated Load 0 0 0
Off Duty Load, Total 100 100 100
Estimated Air Cooled Load 100 100 100
Estimated Cold Plated Load 0 0 0
Development Cost, $K 328 328 328
Unit Cost, $K 36 36 37
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TAPLE 1.13-2. EQUIPMENT ITEMS (EIs) CONTAINED IN EQUIPMENT UNIT #50/61 ~

CELLS AND TISSUES HOLDING UNIT (80}, CELLS AND TISSUES RESEARCH SUPPORT UNIT (61)

{Ho, of
| Units Cost
Reqd. | TUnit TUnit Unit Develop.
E.I. Shared, | Wetght | Pwr+** Volum {Unit)*
E.l. Name Fo.* Ded, ke (b.) | watts |dm®(t)| $K Comments
E.U. 60 - Cells & Tissues Holding Unit
Colony Chamber, Sgalable 25B ; 2 0.9 [+ B 200 Tolony chamber for cells and tissues. Containsr for
| oa {2.0) 0.1) (5) liquid media and organisme with oxygen lines, pumpég,
‘ ayt membranes, atc, L
Cage, MMB, C/T {264 a 1 0.5 5 0.8 100 "Capge" for metabolic masa balance measurements on
i ] 1 (1} (0. 03) 1 cells and tissues.
Holding Unit, 98A ¢ 2 32 50 188 - Holding Unit for Cells and Tissues. Basically a cage
Incubator, C/T 2 (70) 6.64) { A0 module, a sealed ventilated enclosure for housing
. organism#&. Dev, costin E.I. 103 in E.U. 40.
i E.U, 61 - Cells and Tissues Rossarch Support Unit
Air Particle Sample e |1 2.9 o 0.8 28 To mensure airborne particles and microorganisms,
Collactor ' 1 (6) {0.03) (4) Device where air i drawn through a slit impacts an
agar substrate where particles and microorganisms
stek.
Media, Prepared ‘124 1 4.5 0 14 ] Tn sealed disposable packages.
| 1 (10} 0.5) 1
2)

*+ EINo. in parentheses in this column indicates that the item is nasdsd only for the dedicated 30~day missicn.

#% Number of units {EIs) required in shared laborgtory is given by the upper number, and the mmber required {n the dadicated
1shoratories is shown by the lower mumbers. Parontheses indicate the number required for the 30-day labhoratory (only if it is
difforent from the number required for the dadieated T-day laboratory).

*++  Average power while equipment 1s operating.
+ The top number (unparenthesized) is development cost. The parenthegized mumbers are unit costs, and a plus (+) inHeates 2
unit cost value for a commercially avallahle ftem intended for ground use.
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TABLE 1.13-3 - EQUIPMENT VOLUME AND PLACEMENT
SHARED AND DEDICATED LABORATORIES

E.U. 60/61 - C/T HOLDING UNIT, C/T RESEARCH SUPPORT UNIT
(NO RACK OR CONSOLE REQUIRED)

Volume, dm?3 (ft3)
Shared Dedicated Dedicated
Items (E.1.8) 7-Day Lab| 7-Day Lab | 30-Day Lab
DISTRIBUTED OR EXTRA EQUIPMENT ITEMS
6 Air Particle Sample Collector negl. negl. negl.
258 Colony Chambers - in Holding Unit 0 0 _ 0
26A MMB Cage - in Holding Unit 0 0 0
98A C/T Holding Unit (2) 376 376 376
TOTALS 376 376 376
(13.3) (13.3)
SMALL STORAGE EQUIPMENT ITEMS '
(Can be stored in miscellaneous small :
storage areas) ‘
124 Prepared Media L . _14 _14 28 g
TOTALS 14 14 28
1/2) (1/2) (1)
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Figure I.13-1
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EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatic function

designates payload or experiment specific

high use frequency by crew

bracket data is for the 30-Day Dedicated Laboratory only
included in EI 32A

part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same as No. 2 above

I N T T e
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TABLE I.13-4A. EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 60. CELL AND TISSUE HOLDING UNIT

SLT-1

DEDICATED LAB SHARED LAB
NO, OF CREW AVE. NG, OF CREW AVE,™
EQUIP. : ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. |mMmi/pDay | WATTS REQ'D FREQ. | MIN/DAY WATTS
25B COLONY CHAMBER, SEALABLE, C&T 2 2 .
4B Cell and tissue radiochemistries 4/wk 16.0 _0 2wk 8.0 _a
264 CAGE MME, C&T 1% 18 e 1 8 0
084 HOLDING UNIT INCUBATOR - CELLS & TIHSUES 2 2
a7A Microorganism identification 8/wk 18,0 + 4/wk 8.0 +
135A Holding, cells and tissues C A 100 (o] A 100
353A Cultire/sensitivity 1/wk 1.0 1 - - -
3724 Fungal culturing - - L= 1/wk 5.0 t
17 100 14 100
EU TOTAL . - 100/100 160/100
(100/100}

*se 18 experiment apecific.
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TABLE 1.13-4B, EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 61. CELL AND TISSUE RESEARCH SUPPORT UNIT

DEDICATED LAR SHARED LAB
NO. OF CREW | AVE. NO. OF CREW AVE,’
EQUIP. ITEMS FUNCT. TIME, ' POWER, ITEMS FUNCT. TEME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATLS REQ'D FREQ. MIN/DAY WATTS
4] AIR PARTICLE SAMPLE COLLECTOR 1 1
141A Air particulate sampling & analysis 1/dy 15.0 ] - - -
142A Microblological sampling = air z2/dy 10.0 a 1/dy 5.0 [
25 0 5 0
124 MEDIA, PREPARED 1 0
81B Madia preparation ~ C&T 2} 30 min/wk 6.0 ]
i} 0
EU TOTAL /0 o/0
(/0}




TABLE T.13-5.

DEDICATED 7-DAY IABOCRATORY SAMPLED DATA REQUIREMENTS

E.U. 60/61 - CELLS AND TISSUES HOLDING UNIT/CELLS AND TISSUFS RESEARCH SUPPORT UNIT

SENSOR/SIGNAL CHARACTERISTICS i PROCESSING
Bits |Sampling | Sampling Total Total
EQUIPMENT ITEMS (E.U.#/E.1.%) Signal | No. of per |Duratiom | Rate per |(BitRate, | Bits
AND BIGNAL IDENTITY _Range Reseclution Type [ Chan. Sample | min/day | Chamnel BPS per Day COMMENTS
Cells and Tissues Cage Modules (2) (50/98A) and
Temperature Monitor 20-5¢°¢ 0.5°¢ Annl. 2 5 cont. &/min 1 - 86K
Temperature Contrel (On-Off) 2 positions {1 position Dise. 2 1 cont. &/min negl. 17K
ECS Flow Rate Monitor 0-5 ¥ 0.1V Anal, 2 & cont. 6/min 1 14K
ECS Flow Rate Control 2 positions |1 position Dise, 2 1 cont, 6/min negl. 17K
Relative Humidity Monitor 30-95% 14 Anal, 2 6 cont. &/min 1 121X
Relative Humidity Control 2 positions |1 position Disc. 2 1 cont., 6/min negl, 17K
pCo2 Monitor 1-8 mm Hg  |0.1 m Hg Anal. 2 7 cont. 6/min 1 121K
pCOE Control 2 pogition |1 positien Disc. 1 1 cont. 6/min negl. aK
p02 Monitor 140-180 mm  j1 mm Ag Anal. 3 6 cont. &/min 2 155K
Hg
p02 Control 2 pogition J1 position Disc. 1 1 cont. 6/min negl. 9K
Total Pressure Menitor 750420 mm Hgl2 me Hg Anal. 1 5 cont. 6/min 1 43r
Pressure Control 2 position |1 position Disc. 1 1 cont, 6/min negl. 9K
TOTAL

SALT-1

TOBK
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TABLE I.13-6. COST SUMMARY -
EQUIRMENT UNTIT. - 60 CELLS & TISSUES HOLDING UNIT

. EQUIPMENT IDENTIFICATION | [ DEVELOPMENT, | SHARED SORTIE (7 DAYB) DEDICATED SORTIE {7 DAYS) DEDICATED SORTIE (30 DAYB) COMMER-
Timse Dav, Untt No. Total Dev, Unit No. Total Dav, Uit No. Totat CIAL REMARKS
Lﬁn Title Type (Yre) ||Cost $X | Cost §K | Req. | Gost $K | Cost §K [ Cost $K| Req. | Cast $X || Cont $K | Cost $K | Raq. | Cost SK || COSTS
258 COINY CHAMER, SEALBL, CT REDESI‘L:I 2 200 5 2 210 200 5 2 210 200 5 2 210 980.00
26A CAGE MMB C/T RETESTI L 100 1 1 101 100 1 1 101 100 1 1 101
684 | HOLD UWIT INCBTR-CELLS ERT 3 - 10 20 o 10 z 20 0 10 2 20 B&P COST IN 103
TOTAL COST ESTIMATE 300 31 i3 300 31 33 300 31 33
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TABLE I.13-7. COST SUMMARY -~
EQUIPMENT UNIT - 61 CELLS & TISSUES RESEARCH SUPPORT UNIT

TIPMENT IDENTIFICATION |- DEVELOPMENT [ SHAI
Tima Dev,
Titla _Type (¥re) jlCost $K
[ ATR PARTCL EMPL COLCT REPACK 1 28
12k MEDIA PREPRED MINIMAL ¥ 0
TOTAL COST ESTIMATE 28

RED SORTI
Unit

Cost §K

IE (7 DAYS) DEDRICATED SORTIE (7 DAYS) DEDICATED BORTIE (30 DAYS) OMMER~-
No, Total Dev, Unit No. Total Dev, Unit No. Total CIAL
Rea. | Cost $K [ Cost $K | Cost §K) Req. | Cost $K || Coat $K | Cost $K | Req, | Cost $K COBTS REMARKS
1 32 28 & 1 32 28 L 1 32
b 1 8] 1 1 1 Q 1 2 2
33 28 5 .33 28 6 34




1.14 EQUIPMENT UNIT 80 ~ LIFE SUPPORT SUBSYSTEM TEST UNIT

1.14.1 FUNCTIONAL CAPABILITY & SUMMARY DATA. This equipment unit
provides the capability to perform tests on 1SS prototype equipment. Summary
data is shown in Table I.14-1, -

1.14.2 EQUIPMENT ITEMS. Major equipment includes portable life support sys-

tems for EVA, and an LSS test bench. The latter is intended to provide support to a
variety of experimental test apparatus. Such support would include electrical power
connections, coolant fluid connections, structural support, vacuum connections, and
general purpose instrumentation. The power of 200 watts for this item is primarily

due to the estimated power consumption of a typical test item (a Bosch reactor proto-
type was used as an example in this study). The equipment list is shown in Table 1.14-2,
and the equipment volume and placement is shown in Figures I.14-1 and I.14-2,

1.14.3 OPERATIONS AND INTERFACES.

Equipment Operations Analysis - See Table I.14-3.

Data Requirements - See Table I,14-4.

Electrical Power.~ As mentioned ahove, the major electrical power consumer
is likely to be the life support test apparatus. The power for this was assumed to be
200 watts continuous. It was assumed to be 75% d.c. and 25% a.c. for purposes of
this study only. Actually, any ratio of a.c. to d.c. is possible for any one experiment.

Heat Rejection - Similar to the electrical power, the characteristics of the test
apparatus heat rejection are quite variable. For purposes of this preliminary study,
50% was assumed to be rejected to the cabin air and 50% to the Sortie Module coolant.

Typical Equipment Unit Functional Interfaces - See Table I.14~5.

1.14,4 EQUIPMENT ITEM COST SUMMARY - See Table 1.14-6.
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TABLE 1.14-1, E.U, 80, LIFE SUPPORT SUBSYSTEM TEST UNIT -

SUMMARY OF PROPERTIES

*12 Hours

Shared Dedicated Dedicated
Property 7-Day Lab | 7-Day Lab [30-Day Lab
Number of Racks & Consoles % 1 1
Volume, dnf (f), Total 429 (15.1) | 801 (28.3) | 801 (28.3)
Racks & Consoles 372 744 744
Distributed & Extra Items 57 57 57
Small Storage Items (Mise.) 0 0 0
Fixed Weight, kg (lb) 54 (119) 114 (251) 114 (251)
Electrical Power, w
On Duty* Average Power, Total 200 200 200
Estimated d.c. 150 150 150
Estimated a.c, 50 50 50
Off-Duty* Average Power, Total 200 200 200
Estimated d.c. 150 150 150
Estimated a.c. 50 50 50
Estimated On-Duty Peak Power 200 200 200
Heat Rejection, w,c
On Duty Load, Total 200 200 200
Estimated Air Cooled Load 100 100 100
Estimated Cold Plated Load 100 100 100
Off Duty Load, Total 200 200 200
Estimated Air Cooled Load 100 100 100
Estimated Cold Plated Load 100 100 100
Development Cost, $K 1015 1015 1015
Unit Cost, $K 102 902 902
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TABLE I.14-2, EQUIPMENT ITEMS (Els) CONTAINED IN EQUIFMENT UNIT #30,
LIFE SUPPORT SUBSYSTEM TEST UNIT

iNo, of
{ Units Cost
'Reqd.p*| Unit | Umt | Unit | Dovelop.
E.l. Shared, | Welght | Pwr¥*% Volum (Unity+
E.I Name No.*  Ded. |kg (b.y | watts [dm3(E")| 8K . Comments
L85 Test Bench (115F | 1 45 200 453 1000 To provide support to LSS experimental apparatus:
' L1 (100.0)[ (16.0) ¢100) alectrical connectiona, fluids, structural support,
etc. Power includes typical value for test apparatus.
Manifold, Vacuum | 1281 ( i 9 1} 57 16 To provide vacuum tne comectlons to varlous test
; 1 (20) 2.0 @) spparatus. Small tubing (about 3/8 inch) should he
gufficient. Valves, ete.
Portable LSS 142 0 20 0 79 0 Portatle Life Support Syater (PLSS). Backpack typo
2 (87) (2.8} . {400) units io be used for pressure sult tests.

* EINo. in parontheses in this column indicates that the item 18 needed only for the dadleated 30-day mission.
+*  Number of units (EIs) required {n shared laboratory 15 given by the upper number, and the pmmber required in the dedicated
laboratories ig ghown by the lower mmbers, Parentheses indisate the number required for the 30-day laboratory (onty if itie
ditfarent from the mumber required for the dedicated T-day laboratory).
w4 Average power whils equipment is operating.
+ The top rumber (mparenthesized) 1s devolopmont cost. The parenthesized mumbers ere unit costs, and & plua (+) imdicates 4
unit eost value for & commeraially availahle item Intended for ground use.
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'FIGURE 1,14-1 EQUIPMENT VOLUME AND PLACEMENT
Shared 7-Day Laboratory

E.U.80 Life Support Subsystem Test Unit

EQUIPMENT ITEME ¥N CONMSOLE DISTRIBUTED OR EXTRA EQUIFMENT ITEMS
CONSOLE (0,61 m deep) {Not in Rack or Console)
Vol, K Vol.
E.l. Number & Name dm® . E.l. Number & Name dm3
In Bottor of Congole: ‘ 118l Vacuum Manifold 57
115F 188 Test Bench 453 Total 57
Total 453

Excess Volume
Allowance none Used by

NN

Ve

WORK AREA :
115 / / 0.48 “‘r
ORK SURFACE Z

115F 0.76 m

e ), 61 M) —
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EQUIPMENT ITEMS IN CONSOLE

Excess Volume
Allowance

Vol,
E.L Number & Name an®
. In Top of Console;
142 PLES 158
Total 158
Execess Volume
Allowance 13z
In Bottom of Console:
115F 188 Test Bench 453
Total 453

FIGURE I,14-2 EQUIPMENT VOLUME AND PLACEMENT

116F

Dedicated 7 & 30 Day Labhoratories

E,U, 80 Life Support Subsystem Test Unit

CONSOLE (0,61 m desp)

N

Excess

NN

142

FACE

2

w.

115F

0.46 m|

0.76 m

e 0.61lm ———

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS
(Mot in Rack or Censols)

E.I Number & Name

1181

Val.
dind

Vacuum Manifold

Total

57
a7



EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explahations

continuous function

automatic function

designates payload or experiment specific
high use frequency by crew ‘
) bracket data is for the 30-Day Dedicated Laboratory only
included in EI 32A

part of the Sortie Module Data Management Subsystem
3 not used for coded information ‘

part of organism ECS

same as No. 2 above

B e ¥ O

LS I
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TABLE I1.14-3, EQUIPMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 80. LIFE SUPPORT SUBSYSTEM TEST UNIT

DEMCATED LAB BHARED LAB
NO. OF CREW AVE; NG, OF CREW AVE,’
EQUIP. ITEMS FUNCT. TIME, POWER, ITEMS FUNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREQ, MIN/DAY WATTS
115F 158 TEST BENCH i 1
B500A Control of experiment parameters 5 min/4 hrs 15.0 200 200
508A Vacuum supply C A s .
15 200 200
1181 MANIFOLD, VACUUM 1 1
5084 Vacuum supply o4 A - c A 0
0 0 1} 1]
142 PORTABLE LSS (PLSS) 2 Q
521B Prassure suit ventilam, & cooling 15 min/3 dy 5.0 0
5 a
EU TOTAL 200/200 200/200
(200/200)




PABIE I.14-L IEDICATED 7-DAY IABORATORY SAMPLED DATA REGUINEMENTS
B. U. 80 LIFE SUFPORT SUBSYSTEM TEST UNIT

SENSOR/SIGNAL CHARACTERISTICS PROCESSING
Bits |Sampling |Sampling Total Total
EQUIPMENT ITEMS (E.U.4/E.L#) Slgnal | No. of per Duraton | Rate per |Bit Rate, | Bits
AND SIGNAL TDENTITY Range Resghition Type | Chan. | Sample | min/day | Charmal BPS per Day COMMENTS
1SS Test Bench (80/115F) Exemplary signals are indlcated based on
8 flight test of & Bosch reactor.
Feed Gas Supply Pressures C-5 V 50 mV Anal. 2 7 cont. 0.1/min negl. |2K
Feed Sectlon Pressure ¢-2 pelg 0.1 psig Anal, 1 5 cont, 1/min negt. |7K
Compressor Discherge Press. 0-15 paig 0.1 psig Aned.. 1 8 cont. 1/min regl. |12k
Feed Gas Flow Rotea 0=5 ¥ 0.05 ¥V Anel. 2 7 cont. 1/sec 1k 1.21M
Re-cycle Gas Flow Rate 0-5 v 0.05 v Anal. 1 7 cont. 1/sec 7 0,601
Re-cycle Mixture Conductivity 0-5 Vv 0.05 ¥ Anal. 1 7 cont. 1/min negl. (10K
Re-cycle Compressor Power 0-100 w Tw Anal. 1 7 cont. 1/min negl. 10K
Re-cycle Gas Temps. 0-5 V¥ 0.05 ¥ Anal. 12 7 cont, 1/min 1 121K
Heater Power 0500 w 2w Anal. i 8 acnt. O.Efmin negl. 2K
Weter Accumulation Counter Q-10C0 1 count Tigital 1 10 cont, S/min 1 T2K
Coolant Flow Bate 0-5 ¥ 0.05 ¥ Anal. 1 7 cont. 1/min negl. [1OK
2.0%M | TOTAL

4BT1-1
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TABLE I.14=5 TYPICATL EQUIPMENT UNTT FUNCTIONAL INTERFACES

CRITI-
EU # DESCRIPTION OT FUNCTIONAL INTERFACE WITH F.U. 80 CATITY?
1 Video and photographic coverage of experimental apparatus phenomena such as a gas/liquid 3
separation device.
2 Acquisition, processing and display of experimental apparatus performance parameters. 3
3 Restraint of the crew while attending to 1SS research. Supply of gases such as CO, for 1SS 2
experiments.
4 Weighing quantities associated with LSS axperiments. 1
5 Analysis of LSS apparatus gases to determine various constituent percentages (e.g., 002, 3
CHy, Hy, CO trace gases, etc.).
6/7 | General maintenance, clean-up, repair and storage. 1
11 Use of PLSS units in 2ll EVA tests. 3

*1 = Minimal, 2 = Nominal 3 = Maximal
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TABLE I, 14-6.

COST SUMMARY -
EQUIFPMENT UNTT - 80 LIFE SUPFORT BUBSYSTEM TEST UNIT

WMMPMENT SHARED SORTIE (7 DAYE) DEDICATED SORTIE (7 DAYS) DEDICA TED SORTIE (30 DAYS) GMMEE-
. ’ Time Dev. Unit No. Total Dev. Unit No. Total Dav, Unit No. Total CIAL
[Na Titla Type | (¥re) |[Cost $K | Cost $K | Reg. | Cost $K | Cost $K | Cost $K| Req. ;Cost $K_|| Cost $K | Cost $K | Req. | Cost $K | COSTS REMARKS
115F] 188 TEST BENCH RELESIGN 1 1000 100 1 1100 1000 100 1§ 1100 1000 100 1 1100
1181} LSPS MANIFOLD VACUUM REPACK 1 15 2 1 17 15 2 1 17 12 2 1 i7
142 | LSPS PORTABLE 1SS PLSS MINIMAL 1 0 o Loo 2 8oo o] koo 2 800
TOTAL COST ESTIMATE 1015 102 1117 1015 902 1917 1015 aog 1917




1.15 EQUIPMENT UNIT 91/93 - M.S.I. MEASUREMENTS UNIT (91), & MOBILITY
UNIT (93)

I.15.1 FUNCTIONAL CAPABILITY AND SUMMARY DATA, These equipment units
provide the capability to test man's behavior and performance in space and his inter-
action with various types of equipment. A summary of the properties for these E.U.s
is given in Table I,15-1,

I.15.2 EQUIPMENT ITEMS. Major equipment items are the psychomotor perform-
ance console, the force/torque measurement taskboard, the vision tester, protective
corridor devices, and the EVA, M.,S.I, task simulator (required only on the dedicated
laboratories). The complete list of equipment items and their general descriptions
are given in Table I.15-2. Equipment item placement is shown in Figures 1.15-1 &
1.15-~2,

1.15-3. OPERATIONS AND INTERFACES.

Equipment Operations Analysis - See Table I.15-3.

_ Data Requirements - See Table I.15-4,

Electrical Power - Peak power for these E.U.s will be approximately 105
watts, when the psychomotor performance console and the optiscan device are on
simultaneously. All power was assumed to be d.c.

Heat Rejection - All equipment was assumed to be air cooled.

Typical Equipment Unit Functional Interfaces - See Table I.15-5.

1.15.4 EQUIPMENT ITEM COST SUMMARY - See Tables 1.15-6 & I.15-7.
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TABLE L 15-1. E.U. 91/93 - MSI MEASUREMENT UNIT/MOBILITY UNIT -~
SUMMARY OF PROPERTIES

Dedicated

Shared Dedicated
Property 7-Day Lab | 7-Day Lab |30-Day Lab
Number of Racks & Consoles 3 % 3
Volume, dni’ (ft*), Total 372 (13.1) | 938 (33.1) | 1051 (37.1)
Racks & Consoles 372 372 372
Distributed & Extra Items 0 566 679
Small Storage Items (Misc.) 0 0 0
Fixed Weight, kg (Ib) 72 (158) | 118 (260) 142 (312)
Electrical Power, w
On Duty* Average Power, Total 0 2 4
Estimated d.e. 2 4
Estimated a.c. 0 0
Off-Duty* Average Power, Total 0 0 0
Estimated d.c.
Estimated a.c.
Estimated On-Duty Peak Power 105 105 ' 105
Heat Rejection, w ¢
On Duty Load, Total 0 2 4
Estimated Air Cooled Load 2 4
Estimated Cold Plated Load X 0
Off Duty Load, Total 0 1] 0
Estimated Air Cooled Load
Estimated Cold Plated Load
Development Cost, $K 211 461 495
Unit Cost, $K 56 71 98
*12 Hours
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TABLE 1.15-2, EQUIPMENT ITEMS (Els) CONTAINED IN EQUIPMENT UNIT #91/93,
MSI MEASUREMENTS UNIT (91), MOBILITY UNIT (93)

‘[ {Ng, of |
| Untts Cost
‘Reqd.®*| Unit | Unit | Unft | Develop.
E.I. Shared, | Welght | Pwrh*#| Volumg {Unity+
E.L Nams No.* Ded, kg (b.) | watta |dm’if)| $K Commenta
\ i E.U, §1 =~ MSI Moasurements Unit
Audio Sterec Headset sy L @ |ov je |57 14 Earphones for various MSI bearing tests.
i (1.5) 0.3 | ®
|
Console, Behav. {B0C}) - - - - - Behavioral Measurements Console CRT and response
Measurements H - - keyhoard capable of alphammeric and graphic dis-
plays, for tests of crew's sensory and mental capa-
X bilittes. Can be provided by Data Managens nt
| Subsystem Remote Control Station Module, E.L
i 584, E.U. 2.
i
MSI Task Simulator ! 119 0 23 5 566 200 For testing astronauts’ ability to do maintenance,
i 1 (50) 20y a0 repair, agsembly, etc. Experiment specific.
]
i
Optisean - Field & Fizxed '131H 1 2.3 5 8.5 21 For monitoring subject eye movement during MSI
1 (5.0} (0.3) 3) teats, Accurate to 2° arc. A head mountad camera
: device.
i
{ .
Psychomotor Perform- 1 144 1 45 100 113 150 Provides multiplo measurement davices of the crow's
ance Consale i 1 {100) 4.M {50) psychomotor performance.
Taskboard, Force/Torque * 176H| © 23 5 57 50 Devices to determine man's capability to apply
! 1 (50} 2.0 5) various torques and forces in vartous directions and
! orientatons.
Vision Tester (132!(* 18] 23 100 113 20 Hood and optical system with various images, com-
{50} (4.0) {25) puter controlled and monitored,
} E.U, 93 - Mobllity Unit
1 -
Anthropometrie Grid 115 1 1.8 0 2.8 10 Various sizes to allow meagurement of size and
: 1 ) {0.1) (1} movement of various organisms. Used together
with various optical devices. Values are for package
; of 10 grids.
Mass, Te#t - ; 122A 3 /] 0 0 0 Various size existing masse§ aboard the vehicle for
variable Size ; 3 () MSI mobility tests, Experiment speciflc.
Mobility Unit - 1261 1 23 0 57 30 Protective Dorrldor davices, for moblility and trans-
Protective Corridor 1 (60) (2.0} {2) port teats on man, For Sortle missiona, this con-
sists of covers, bumpers, rails, eta., which can be
positioned In existing volume to allow mobility teats.

* EI No. in parentheses in this column indicates that the item 18 needed only for the dedicated 30-dasy mission.

ik

Number of unite {EI8) required iu shared laboratory 1s given by the wpper mumber, and the mumber required in the dedicated

laboratories 18 shown by the lower mmbera, Parentheses indicats the number required for the 30~day laboratory (only if it 1s
different from the mmber requived for the dedicated T-day laboratory).

Fkk

Average powar while equipment 18 cperating,

+ The top mmber (mparenthesized) is dovelopment cost. The parenthesized pumbers sre unit costd, &nd & plus (+) Indlcatss a
unit cost value for & commerdlally availatle item intendad for ground use.
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W
FIGURE I,15-1 EQUIPMENT VOLUME AND PLACEMENT
Shared 7-Day Laboratory
EJU,81/03 MSL Measurements Unit and Mobility Unit
EQUIPMENT ITEMS IN CONSOLE _ DISTRIBUTED OR EXTRA EQUIPMENT ITEMS
CONSOLE (0.61 m deep) . . {Mot in Rack or Console}
vol. N \ [ Vol.
' 3
E.I. Numbar & Name am® \\ Emgg\ . E.I. Number & Name dm
AN ™~
1n Top of Console: None
15 Anthropometric Grid 2,8 1268 \
1261 Protective Davices 57 s
131 Optiscan : B.5 2.0m
144 Poychomotor Perf. Congole 113 131H
Total 181.3
Excess Volume
Allowance 108 144
-
1
B
WORE AREA :
SURFACE /
91?1{ / _1
Used by 0.78 m
~. E,U.80
™
N N
————— (.61 m ——

¢, 7
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EQUIPMENT TTEMS TN CONSQLE

. Vol,
E.L Numbor & Nams dea’
In Top of Console:
15 Anthropometrie Grid 2,8
150 Audio Headset* 5.7
1261 Protaetive Corridor Devices 57
191H  Optiscan : 8.5
144 Psychomotor Perf, Console 113
176H Taskboard b7
Total 244, 0
Excess Volume
Allowance 46

In Bottom of Console:

Used by E.U.12/81 for E.1, 125D
Metabolic Analyzer

*Required only for 30-Day Misslon

FIGURE I,15-2 EQUIPMENT VOLUME AND PLACEMENT

Dedlcated 7-Day & 30-Day Laboratories
B,U,91/93 MSI Measurements Unit and Mobility Unit

CONSOLE {0.61 m deep)
NS

Excess

NN N N\l

1261 176H

% Oggm/ |
Y

\ Used h)‘ 0,76 m
EJU.12/01

N

N

DISTRIBUTED OR EXTRA EQUIPMENT ITEMS
(Not In Rack or Console)

Vol.
E.l. Number & Name dm?
119 MBI Task Simulator 566
Dedlcated 7-Day Laboratory Total 666
Extra Item for Dedicated 30-Day Lab,
182K Vision Tester 113#*
Dedicatad 30-Day Laboratory Total 879



EQUIPMENT OPERATIONS ANALYSIS TABLE

Code Explanations

continuous function

automatic function

designates payload or experiment specific

high use frequency by crew

bracket data is for the 30~Day Dedicated Laboratory only
included in EI 32A

part of the Sortie Module Data Management Subsystem
not used for coded infor mation

part of organism ECS

same as No. 2 above

o LR - * O
S
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TABLE L 15-3A. EQUIPMENT OPERATIONS ANALYSIS.~ EQUIPMENT UNIT 91 - BEHAVIORAL MEASUREMENTS UNIT

DEDICATED LAB SHARED LAB
NO. OF CREW AVE, RO, OF — | CREW AVE,
EQUIP. ITEMS { FUNCT. | TmME, | PowERr, | rTEMS FUNCT. TIME, | POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D . FREQ. MIN/DAY WATTS REQ'D FREg, MIN/ DAY WATTS
150 AUDIO STEREQ HEADSET 0 [}
7164 Auditory - abselute threahold ) 2/3 dy 1.3 0
T16A " - plich discrimination " 1.7 0
A " = temporal aculty " 1.1 0
T30A Cognitive/complex perceptual-spsech intel. " 3.3 0
(@3] 0
50C CONSOLE, BEHAVIORAL MEASMTS. ~CRT + KYBD 0 1]
734A Cognitive/complex perceptual-perceptl. spd. aF
1404 Cognitive/conceptual & thinking ability
7524 Cognitive/memory-memory span, otc.
118 MSI TASK SIMULATOR (sae below)
151H OPTISCAN 1 1
8264, Eye movement measurements - optical 15 min/wk 3,0 0.1 10 min/wk 2.0 0.1
. 3 1} F4 \]
144 PSYCHOMOTOR PERFORMANCE CONSOLE 1 1
4164 Tracking measurements 2/wk 1.2 0.2 - - -
T60A. Fina psychomotor ~ manipulative ability 2/3 dy 3.9 0.5 - - -
T66A " n = tracking o 2.0 0.3 2/wk 1.2 0.2
7684 " " - yuiltflimb coord. " 2.7 0.4 - - -
TT0A " n - reaction time, smple " 1.7 0.2 - - -
7m 1t " - " " . cmplx " -u 2‘—]__' - - -
12 2 1 0
176H TASKBOARD, FORCE/TORQUE 1 0
1768 Gross psychomotor - muscle strength 2/3 &y 6.7 [
T i)
182K WVidioN TESTER 4] 1]
760A Vispal - acuity, static @) 2/3 &y 1.8 0.2
702A " - stersopaia (depth perception) " 1.3 0.2
TO4A " = brightness threshold " 1.8 0.2
TOBA " - eolor perception " 0.7 0.1
TOTA " - critical flicker fusion freq. " 1.3 0.2
T08A "~ phorias lateral & vertical " 1.8 0.2

SPart of DMB.
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TABLE 1.15=8A. EU 91 (cont'd)

DEDICATED LAB

SHARED LAB
NO. OF CREW AVE. NO., OF CREW AVE,’
EQUIP. ITEMB FUNCT. TIME, POWER, ITEMS ¥UNCT. TIME, POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D . FREQ. M]lwi/]]AY WATTS REQ'D FREQ. MIN/DAY WATTB
182K VISION TESTER ({Cont'd)
1094 Vigual - glare recovery (photo stress) 2/3 dy 1.3 0.2
7104 " - dark adaptation " 1.8 0.2
T13A " - peripheral eld " 2.0 0.3
(12) (2)
119 MBI TASK SIMULATOR 1 1]
6244 Maintenance task simulation 1B min/wk 2.0 0.1
3 ¢
EU TOTAL 2/0 0/0
4/0)
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TABLE 1.15-3B. EQUIFMENT OPERATIONS ANALYSIS - EQUIPMENT UNIT 93 - MOBILITY UNIT

DETICATED LAB SHARED LAR
NO. OF : CREW AVE; NO. OF CREW AVE.’
EQUIP. ITEMS FUNCT. TIME, | POWER, ITEMS FUNCT. TIME, | POWER,
ITEM EQUIPMENT NAME AND USING FUNCTION REQ'D FREQ. MIN/DAY WATTS REQ'D FREGQ. MIN/DAY WATTS
" 16 ANTHROPOMETRIC GRID 1 1 X
822B Crew body position measurements 390 min/dy | 320.0 0 15 min/dy | 15.0 0
B23B Crew body motion measurements " " 1] " " a
30 0 15 0
122A MASS, TEST 3* 3*
8404 Max, mass transporiable - 838
MOB n n " - m
841A " volume -8
sﬂB " L 1 - m
842A T MOI 1 - 83
mB 1t L 1" - Ps
B48A " mass alignable -5
343B (1] " " - PS
8444 " wlume " - 88
MB " " ” - m
B46A " MOI " - 55
3453 L1 n L1 - m
126X MOBILITY UNIT - PROTECTIVE CORRIDOR 1 1
840A Max, mass transportsble 5 min/wk 1.0 0 3 min/wk 0.6 0
841A " yolume " ™ " 0 v " 0
m " MOI " 1* m o 1 " 0
8434 "  mass alignable " " 0 " " 0
m " Wlm H 17" n 0 AL " 0
MA " MOI " " n 0 w n —9_
[:] 0 4 0
EU TOTAL 0/0 0/0
(0/0)

*Use 18 experiment specifie.




TABLE Y.15-4 [EDICATED 7-DAY TABCRATCRY SAMPLED DATA REQUTREMENTS
E. U. 91/93, EEHAVIORAL MEASUREMENTS UNITMOBILITY UNIT

BENSOR/SIGNAL CHARACTERISTICS PROCESSING
Bita |Sampling |Sampling Total Total
EQUIPMENT ITEMS (E. U.#/E.I.#) Signal | No. of per Duratfon | Rate per |Bit Rate, | Bits
AND SIGNAL IJDENTITY Range Resclutisn Type | Chan. Sample | min/day | Chammsl BP3 per Day COMMENTS
Psyehomoter Performance Comsole (91/144)
Joystick Pickup 0-5 ¥V 50 nmv Anal, L 7 12 50/sec TH00 1,0M
Reaction Timelights 2 position |1 poaition Disc. 12 1 12 1/sec 12 9K
Steadiness Tester ~ 2 position |1 position Dise. L 1 12 1/min nagl. negl.
Pattern Perception Display 2 posltion |1 position Dise. 2 1 12 1/min negl. |negl,
Respense Keys Monitor 2 position |1 position Dig. L8 1 12 5/sec 2uo 173K
Tracking Display Generation 2 pogition |1 position Disc. 1 1 12 1/min negl. |[negl.
Digital Insert Monitor 2 position |1 position Dise. [ 1 12 1/min negl. negl.
Tracking Hend Controller 0-5 V 50 mv Anal, 2 7 12 50/sec 700 SO4K
Numerical Displey Control 2 position |1 position Dise. L 1 12 l/min negl. negl,
Console On/Off ] 2 position |1 position Dise. 1 1 cont. 1/min negl. |9K
Initisticn Contrel 2 position {1 position Digse. 1 1 12 1/min negl. |megl.
Power Supply Monitor iz 12 Anal, 1 7 12 0.1/zec 1 1K
Vision Tester (91/182%X)
Brightnesa Comtrol ' 10 tevel 1 level Dig. 1 4 1z 6/min negl. |megl.
Focus Control 10 level 1 level Dig. 1 4 12 6/min negl. |negl.
" Tester On/Off . 2 position |1 position Disc, 1 1 cont. 1/sec 1 86K
§ Initiation Central 2 position |1 position Dise, i 1 1z | 1/min negl. |negl.
Respcnse Key Monitor . 2 position |1 position Disc. ug 1 12 1/sec L8 35K

1.81m | TOTAL




8611

TABLE I.15-5 - TYPICAL EQUIPMENT UNIT FUNCTIONAL INTERFACES

CRITI-
EU # DESCRIPTION OF FUNCTIONAL INTERFACE WITH E.U. 91/93 CALITY*
1 Video and photographic analytical studies of psychomotor performance levels, sensory acuity 3
and 0-g performance decrement.
2 Processing of instrumentation signals. The data management control and display console is 3
used to perform MSI tests on crew's sensing and mental capabilities
5 Use of audiometer,- sound level meter and headset for determining aural acuity and frequency 3
discrimination among crew members.
6/7 General maintenance, clean-up, repair, and storage. 2
11 Behavioral observations, visual acuity, and aural acuity measurements during EVA tasks. 3
12/31 Monitoring of electrophysiological phenomena (ECG, EEG, EMG) during various psychomotor 3

performance tests. Measurement of cardiopulmonary function (i.e., respiration rates, pulse,
etc.) during performance testing.

*1 = Minimal, 2 = Nominal 3 = Maximal
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TABLE I,15-8,

COST SUMMARY -

EQUIPMENT UNIT - 91 MSI MEASUREMENT UNIT

|——somEMENT mENTIFICATION | DRVETOPMENT SHARED SORT]
‘ Tims | Dev. Unit

(s Title Type {Yre} §Cost 3K | Cost $K |
15D WUDIC STEREC HEADSET REMFG 1
50C  |cONSL, BEFAV, MSMTS-CRT
119 [MST TASK SIMULATOR REDESIGN 3
1318 IOPTISCAN-FIELD AND FIXT REMI(: 1 21 3
A4 [PEYCHOMTR FERF CONSL REDESIGN z 150 50
1764 |TASKBARD, ¥ORCE/TORGUE REEACK 1
182K IVISION TESTER REMFG 1

TOTAL COST ESTIMATE imn 53

DAY3) DEDICATED SORTIE (7 DAYS) DEDICATED BORTIE (80 DAYS} COMMER-
" Wo, | Total Dev. Undt No. | Total Dev, Unit No. | Total CIAL
Reg. | Cost 3K [ Cost $K | Cost $K| Req. | Cost 3K J| Cost § Cost §K { Req. | Cost §K COBTS REMARKS
o 0 14 2 1 15
EAME A3 FIE3R,EU-2
0 200 10 1 210 200 10 1 210
1 24 21 3 1 2k 21 a 1 ah
1 200 150 i 50 1 200 150 50 1 200 ITMEIMS DEVELOFED
0 50 5 1 55 50 5 1 55
o 20 a5 1 25 [IMBIMS DEVELOPED
22l h21 68 LBg u55 95 550




TABLE I.15-7. COST SUMMARY -
BQUIFMENT UNIT - %3 -

MOBILITY UNIT

003~1

[ DEVELOPMENT BHARED BORTIE (7 DAYE) DEDICATED SORTIE (7 DAYS) DEDICATED BORTIE (30 DAYS}  JCOMMER-
. Time Dev, Unit No. Total Dev. Unit No. Total Dev, Unit No. Total CIAL
[ Na. Tifle Type (Yra) ICost $K | Cost $K Reg. | Cost $K § Cost $K | Cost 3K| Req. | Cost $K | Cost $K | Coat $K Radg, | Cast 3K COSTS REMARKS
15 ANTHROPOMETRIC GRID REPACK o} 10 1 i 11 0 1 1 11 10 1 3 11
1224 |MASS, TEST-VAR SIZE WT SHP u 1 0 o] 3 4] ] 4] 0 0 0 3 0
1261 {MORILITY PROTCT CORRD SRT 2 an 2 1 32 30 2 32 E 30 2 i 32
A !
TOTAL COST ESTIMATE 4o 3 13 L] 3 - b3 w0 3 L3
i
i




APPENDTX IT
OPERATIONS MODEL

An operations model was developed based upon the functions to be performed
within the laboratories (see Section 6.0, Volume II). $he model is docu-
mented in Table II-1. The functions and their selected methods are listed
in the left-hand column. The estimated time to complete the function -
method is listed in the next two columns; the first column is the time
estimate if the function-method is performed just once; the second column
is the time estimate for each additional repetition (it generally is
smaller as the unstow, setup, restow type of activities are included in the
first time estimate). The next three columns are the estimated fregquency
of occurrence of the function-method for the Dedicated and Sh&req laboratories
and an explanatory note column. The estimated frequencies are stated as
the mumber of repetitions of a given function or method per time period (or
where a time estimate was not provided in the functions inventory, an

activity time estimate per time period).

The final columns in Table II-1 are crew time estimates used in the manning

"analysis.



TABLE II-1

OPERATIONS MODEL

-2
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OFERATIONS MODEL

TIME REQUIRED PER

* CREW TIME REQUIRED
REPETITION, MEN. FREQUENCY {Min, /Time Period)
- First |[Bucceeding Dedicated Shavred Lab Dedicated Lab | Shared Lab
FUNCTION Repetition |Repetitions (7 & 30 Day) (7 Day) Notes (7 & 30 Day (7 Day)
3 Vertebrate feeding - solid pellets are supplied adlib or regulated .
A Pellets attached to belt 0 0 c! c Al A
4 Vertebrate watering - req dripless animal sctusted digpensor tips
A Manirold low pressure to tips o 4} C c A A
5 Urine mgmt at cage - urlne must be removed quickly (minutes)
Air flew thru cage moves urine to ccllection pad.
A Lam ajr flow system as appo 0 o] c C A A
6 Urine mgmt from cage collector to storage or dlsposal
‘A Urine pad exchanged 20 2 1/wk 1/wk 20wk 20wk
8 TFeces mgmt - cage to dlsposal liguid to aclid consistency
B Feces collected through IFB 20 1 1/wk 1/wk 20wk 20wk
9 Organism mass messurements
A Cscillating mass measurements 5 5 1/3 ays 1/wk 5/3 dys 5/uk
10 Holding primates MMB - measures baslc metabolism at work/rest 2
C Modified.primate holding cylinder 60 1/2¢ - A -
1l  Holding rat and ret size anpimals for metabolic msmts
A Bpecisl cege with many xders 20 1/2¢C - A -
12  Holdlng mouse MMB - same as for rat
A Bpecial cage with many xdcrs 20 1/ec - A -
' 13 Holding cage MMB - rabbits/mermots,. etc.
A Specisl cege with many xdcrs 20 1/2c - A -
14 Bioalectic xder installation and setup - beware emi
B Crt check/precallb compty cal 15 5 2/2 ays - 20/2 dys -
_C Preinstal 1 1 1/ay 1/ay Crew checkout ifay 1/dy
15 Camera setup
A Mount, function ck and calib 20 10 1/ay - 30/ays -
16 Setup camera optical comutatim—organim to organlsm
¢ X-Y camera arive 1/5¢c - 1/5 ¢ - A i
17 Monltor ECG (for bioresearch - ecg signal mgmt from cege to cage
Tod to data mgmt . ) .
B Hardware multiplex data to dm - 5 o c - vk crew 9/ wk -
checkout

* Or mihutes/time pariod where sppropriate.

** Dats in parenthesis are for 30-day lab only.

=

"c" {ndicates & rontinuous function.

2 "A" indicates an automatic function with nc erew time reguired except for initial eguipment setup. This time is estimated in

the "First Repetition” column but not used in the manning

analysis.
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TIME REQUIRED PER

CREW TIME REQUIRED

A twe-man funciico

B mv eans "Unknown"

REPETITION, MIN. FREQUENCY (Min. /Time Period)
First |Sucoeeding Dedicated Lab Shared Lab Dedicated Lab | Shared Lab
FUNCTION Repetition |Repetitions (7 & 30 Day) (7 Day) Notes {7 & 30 Day) {7 Doy}
17 (cont.)
All data available at dm continucusly
C ¥mtr on orgensm/recvr at cg mod 10 10 2k 2wk 20/wk 20/wk
mod to dr a5 in mode A or B - this technigue req for free orgnsme s
F Blectrophysiology backpack - man ! u 30 minAWk 15 min/wk 30/wk’ 15/wk
18 Monitor EEG (for bloresearch - EEG signal mgmt fram cage to cage
mod to Data Mgmt.)
B Hardwire multiplex data to IM 5 2 ¢ - 4‘.-1; crew 7k -
All data available at IM continucusly checkout 3
F EBlectrophysiology backpack - man - u u 5 min/3 dy - 5/3 dys -
19 Monitor RMG-EMG signal mgmt cage to cage mod to data megmt
B Hardwire multiplex data to IM 5 2 c - 2/wk crew THk -
All date avellable at IM contimcusly chechkout
F Electrophysiology backpack - man - u U 5 minfwk - 5/mkJ -
20 Respiratory rate monitoring - does not include resp volume
A Extract from reep CO2 data 4] o 1/6c - A -
21 Cardiac output - implanted flow xdcr-signal xfr to IM as Func 17
A Catheterized semirestrainad 10 10 2fwk - 20/wk -
B Uitrasonic flowmeter 30 10 1/wk - 10/ -
22 Temperature memte
A Thermocouplesa 5 0 10 min/wk 5 minfwk 10/wi 5fvx
'B - Thermisters 5 o 10/min/wk 5 minfirie 10/wk 5/wk
123  RKutrient Consumpticn - & count of the number of pellets consumed
A Trigger bar against pellet 2 0 30/min/wk - A -
24 Water consumption - water consumed or water deldivared
A  Flowmtr in manifold 10 0 30/min/wk - A -
C Water dispenser/trigger bar 2 u 30 minfwk - A -
26  Liguid volume memis - micro volumes .00l ml to 1 ml
B Microsyringes and needles 2 2 bfdy 2fay 8/ax Lfay
27  ILiquid volume memte - Macro 1 ml to 1000 ml
A Macrosyringes 2 2 Bfay bfdy 16/ay 8fdy
28 Mass measurements of centained ligquids and solids
A Piezoelectric sensor oscillator 3 3 3fay 2/qy %fay 6/dy
3
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY {Min, /Time Period)
- First Succeeding Dedicated Lab Shared Lab Dedicated Lab | Shared Lab
FURCTION Repetition jRepetitions (7 & 30 Day) (7 Day) Notes (7 & 30 Day) (T Day)
29 Mass messurements - contalined liquids and solids
A Oscillating mass membt BYS 3 3 b4 fay 2fay 12/ay 6/ay
31 Biosampling-nbtaining blood whole organsm leaves ete for analys .
B Work through LFE at M 5 5 6fay - 3/dy 30/ay , 15/4y
Subject on RIC 10 5 2/3 dys - 15/3 ay -
32 Bpecimen status cobservaticn-pericdic lock at orgenisms in cages
A Video monitor 1 1 20/ay 10/dy 20/dy 10/dy
33 ' Blood preparation - syringe-tube/capillary with NWAF EDTA etc
A Clotfcent for serum catrige 10 5 hiay 2/ay 25 /ay 15/dy
34 Blood electrelytes
0 TFreserve for ground analysis 5 2 10/wk 5/wk 23wk 13/wk
35 Blood PH PCO2 O2 Msur conc of alssolved g5 in bleod
A Specific ion sensors 2 2 10/wk - 20,k -
36 Blood total protein msur conc in serum or whole blood
¢ Precerwe for ground analysie 5 2 5 fwk - 13wk -
40  Blood morphélogy and cell counts
D Stain for ground analysis 10 5 {10/wk} - {55/wk) -
41 . Hematocrit msur of packed cell vel to total vol
A Microhematoerit 5 1 - 1/wk - 5 /wk
B Electronic hematoerit inst 1 2wk - -
42 Hemoglobln-msur conc oxyhgb or carboxyhgh
A Cyammethemoglobin mbhd 15 3 2/wk 1wk 18/wk 15 Ak
k3 Digital records~-reccording of instrument data
"~ A Inet date direct to IM-CRT o] o c c A A
B Std meters and recrdr on inst 5 5 1/dy 1/ay 5/ay 5/ay
44 Analog records ~ recording of inst date
A Inst dete direct to IM-CRT o Qo C C A A
B Strip Chart recorders-paper 5 3 1/ay 1/ay 5/dy 5/dy
Lg  Pressure monitoring .
A Meters visuel resdout 3 1 1/ay - 2/dy -
B Pressure ¥der electronic sig Q Q [ c A




=11

TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY (Min. /Time Period)
First Succeeding Dadicated Lab Shared Lab Dedicated Lab | Shared Lab
FIINCTION Repetition jRepetitions | (7 & 30 Day) {1 Duy) Notas {7 & 30 Day) (7 Day}
50 Gae sampling - obtein gas from site xfer to instmb ‘
A Manual syringe ssmples 10 10 1fay 1/2 10/dy 102 dys
B Micromenifold system 0 [+ c c A A
51 Trace gas analysis hydrocarbens-specific compound /predeterm 1ist
A Gas chromatography o 0 15 min/gy - A -
B Mags specroscopy [+ o} 10 min/ay 10 min/dy A
52 Trace gas analysis inorganice
A Mass specroscopy 10 o 5 min/dy % min/fay a A
B Atomle Absorption spectrophoto 10 0 10 min/wk - A -
53 Oxygen monitorlng
B Mass spectrometry 10 [ 1/4¢ 1/uc A A
54 Carben dioxide menitoring
" B Masa spectrometry 10 o] 1/4e 14 A A
55 TWitrogen monitoring
B Mass spectremetry 10 Q 1/4¢ 1/4c A A
€ Total pressure differente Q Q c c A A
56 Carbon monoxide monitoring
C Mase spectrometer 10 0 1/uc 1/hc A A
57 Water vapor monitoring
A Mass spectrometry 10 o 1/4¢ 1/ A A
¢ Specific sensors b 5 1/ay 1/ay 5/day 5/day
58 Ammonie monitoring
C Mess spectometry 10 0 1/4¢ 1/uc 4 A
59 Atmospheric ethylene monitoring sens to soppb
A& Gas chromatography 20 o 1/uc /4o A A
61 Vibration monitoring
A Accelerometers 5 [+ c c A A
62  Acceleration monitoring 10-5 to 10 0-10CHZ
A Accelerometers a o} c c A A
63 Radlation monitoring at orgnsm holding and throughout leb .
A Film sensors 1 [} c - A -
B Flastic dosimetry 2 2 2k 2wk b fuk L fuk
C FRate monitoring 2 2 afvk 2/vk i fwk L fwk




L~H

TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY (Min. /Time Period)
First Buccesding Dedicated Lab Shared Lab Dedicated Lab | Shared Lab
FUNCTION Repetition |Repetitions (7 & 30 Day} {7 Day) Notes (7 & 30 Day) 7 Day)
64 TWolse wonitoring
A Miniature microphcone 3 ja} c c A A
€5 Plant activity-msur growth and movement of plents
A Time lapse videc-short storage 30 0 1 min/dy 1 min/dy 1/ay 1/ay
D Make/break incremental motor U u 1 min/dy 1 min/dy 1/ay 1/ay
66 Animal ectivity - msur animal activity in std. and mmb cages '
A Video - time lapse 10 a 1 min/ay 1 minfdy A A
68 Organism identification f£ilm
A ID tags and solid state time s Q c C A A
7C  Air movement .
A  Thermel couple anamcters Z 0 C M A A
71 Light monitoring-on/off and intensity-sssume no freg data reg
A  Photocells 5 o) c C B A
B Phototransiators 5 ¢ c C A 4
72 Crganiem identification videc records
A Nuwber ID on brg or cage-tlm= 3 Q c o A A
73 Data storage ’
A Computer-megnetic tape or disc a 0 C ¢ A A
B Computer memory core Q 0 c C A A
T3 Crew guldsnce - provide desired informatioh to ¢rew on demand
A  Semifixed informetion sys 1 1 30 min/dy 15 min/dy 30/ay 15 /4y
76  Experiment management Bystem
& Prograzmed 15 devoted computer 5 0 [ [+ A A
77 Microscopy gene-ra.l
A  Standard light microscope 10 10 {4/2 cays) - (40/2 ays| -
B Disecting microscopy 10 10 uj2 gys 4W/2 ays Lo/e ays Lo/2 ays
78 Invertebrate counting and sorting (insects)
A Memual ops at PP workbench u u 15 min/dy 5 min/ay 15/dy 5/dy
79 Organism subculture-substrate preparation
B Logistic supply prepard media u u c - A -
80 Organism subculture-plants B
B logste supply prepréd substrtes U U 15 min/wk . 15wk -
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TIME REQUIRED FER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY (Min. /Time Period}
First Succeeding Dedigated Lab Bhared Lab Dedicated Lab Shared Lab
FUNCTION Repetition |Repetitions (7 & 30 Day) (7 Day) Notes (T & 30 Day) (7 Day)
81 Medie preparation-cells and tissue '
B Loglste supply preprd media U i} 30/min/vk - 30/wk -
82 Work bench cleanup - deactivet eguip, recage or dispose of spec-
imen(s), cleanup and stow equip, dispose of waste, clean bench
surface, stow and/or dispose of cleaning material
A 15 5 3/ay. 2/ay 20/dy 20/ay
B3 Workbench sterilization
A Alcohol or quad ammonia wash 10 10 Way” l/ay 10/dy 10/dy
C Work bneh sutoclavabl liners 5 5 Lfoy 2/ay 20/dy 10/dy
84 Organiam subculturing-cells and tissus
A Btandard ground technigues 5 2 8/ay - 19/dy -
85 Starch granule assay
& Fix starch grans in aitu U 4] 10 minfvk 5 minfwk A A
86 Iacterial colopy counting
A Automatic colony counting 3 3 s fie . 15 fuk -
B Manual cownting 10 10 - 3wk - 30/wk
87 Microorgenism idantification
A Preservation of 1sol colonies 10 10 8wk LAk 80wk 40wk
B8 Pacterial smear staining
A Mamal apears autostaining 5 5 25/wk - 125/ -
89 Histologleal sectioning-wax and plastic empedment
B Imbedment for ground analysis 10 10 {2/wk} - {20/%x) -
80 Histologleal staining
A Automatic flowthrough stain 5 2 2/wk - Thik -
91 Plant Radiochemistries
A Adminstn of gas/llquid (fixed work site) 20 20 Lk - 80wk -
B Admnstn of gas/Iiguid (LFB) 20 20 - 2fwk - 40wk
92 Vertebrate radlochemistries
B Adminstn of gas/lMquid (LFB) 20 20 bk 2/wk 80/wk L0 fwk
93 Invertebrate radiochemistries
B Adminstn of gasfliguid (LFB} 20 20 b fuk 2fwx 80wk 40wk




TIME REQUIRED PER

CREW TIME REQUIRED

Glove bex-radiochems only N

REPETITION, MIN. FREQUENCY {Min. /Fime Poriod)
Firgt {Suocceading Dedicated Lab Shared Lab Dedicated Lak | Bhared Lab
FUNCTION Repetitionj Repetitions {7 & 30 Day) (7 Day) Notes (7 & 30 Day) {7 Day}
G Cells and tissue radiochemistries ’
Adminstn of gas/liquid {IFB) 20 20 L fuk a fwk BOfwk Lo Ak
95 Radio is;)tcpe methodology-preparation end mgmt
IFB special radiochem insert u U 15 min/wk 10 min/wk 15wk 10/wk
9  Redlochem weste mgmt - radiocheme, orgnsme, and 'parts
A4 Waste container in PR or W box u i} 15 min/fwi 10 minfwk 15/wk 10/wk
97  Experiment waste mgmt
4 Pkg-sterlize/store intervehic u U 10 min/ay 10 win/dy 10/dy 10/3y
98  Distilled/sterile water preparation
B Preparz ln space 10 c - A -
102 Sterildizn of atm gases
) 2 Filtration 10 o} c - A -
105  Organism cr sample presvn with gas or 1liquid chemicals
A Mamual fill of containers 2 2 2/dy - Lfay -
106 Drga.nism/samplr_e pres thermal
4 Low temperature 2 2 L/ay 2/3y 8/ay Liay
107 Organism/sample presvn lyophil
A TFreeze ary 10 5 L fay 2fay 25/ay 15/ay
108 ! Bacterial cell counting
A Automatic cell counters 10 3 3wk - 16 fwk -
D Light absortion 10 2 - 2/vk - 12wk
112 Oxygen msmte mmb
B Menifeld te commen analyzer 20 o 1/6¢ - A -
113 Carben dioxide msmte mmb
B Manlfold to common analyzer 10 0 1/6c - A -
124 Crew/orgenism isclation - reqmb TBD
A Bhroud with gloves and window 3 0 1/4 hrs 1fay 3/4 nrs 3/dy
125 Crew/chemjcal isolation _
A Shroud with gloves and window 3 0 1/4 hra 1/ay 3/4 hrs 3/dy
126 Crew radistion isclation . . )
B 20 5 1wk - 20/wk -
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY (Min, /Time Period)
First |Succeeding Dedicated Lab Shared Lab Dedieated Lab | Shared Lab
FUNCTION Repetition |[Repetitions {7 & 30 Day) (7 Day) Notes {7 & 30 Day) (7 Day)

127  Crew mobl 11 ty/transfer - crew accese to any lab area, walls, etc.

H Combination of apro mob aids u U L5 minfwk 30 min/wk L5 fuk 30/wk
128 Materimls transfer - move cargo, tools, specimen 1n/cut around lab

E Combination of apreo xfer aids U u 90 min/wk 60 min/uk 90/wk 60k
129 Holding-primates-large macaque to chimpanzees

€ Cylinders 3ODX5CH-common ECS/data 0 0 1/2¢ - A -

D Metabolic mass belance inserts 60 o 1fec - A -
130 . Holding-mice and mice size animals

A DMvlder in std rat cage 5 Q 1/2¢ - A -
131 Holding, rats quail, ebe.

A Osge holding in comm cage mod 5 0 1f2c 1/2¢ A A
132. Housing-plant seadlings *

A Incubator-cage module 5 [ 1/2¢ 1/2C A A
133  Helding unlt planis

A Incubator-cage module 2 o 1fec 1/2c A A
13% Holding-rabbits cats marmots, ehe.

A Cage 4xRat for cage module 5 a 1/2¢ - A -
135 Holding-cells and tlsszue

& Constant temp holding facllity 5 ) c [+ A A
136 Holding invertebrates

A Constant temp holding unite 5 o c € A A
137 Holding-colony mice, hsmstera, etc.

A Rebbit cage with inserts in 5 o 1fz2c - A -
141  Airparticulate sampling and analysis

A Partiele impingment 15 16 1/ay - 15/dy -

~ 4

142 Microbiclogical sempling, air, surfaces and large organi sna

A Alr sempling 5 5 2/ay 1/ay 10/ay 5/dy
145  Centrifugation .

A 5td. item-various speeds U 1) 60 min/fdy 60 min/ay 10 min/dy crew 10/ay 10/ay

’ time

149  Urine Apalysis

A Automatic wrine enalysis 20 o 1wk - 20/uk -
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY (Min. /Time Period)
First |Bucceeding Dedicated Lab Shared Yab Dedicated Lab | Shared Lab
FUNCTION Repetition |Repetitions {7 & 30 Day) {7 Day} Notes {T & 30 Day) (7 Doy}
145 (econt.)
B Manual mnalysis 20 5 1/wk - 20wk -
¢ Preserve for ground analysis 5 3 3wk 2wk 11/wk 8wk
155 rinary phosphates
B Preserve for ground analysis 5 1 Bfwk - 12/wk -
156 Urlne creatinine and creatine
B Preserve for ground anmlysis 5 1 8wk - 12/uk -
161 Arterial blcod pressgure
A Pressgurecuff and microphone 5 5 2/ay - 10/dy -
164  Peripberal venows blood pressure
& Ministure hypodermic probe 20 10 2 vk - 30/wk -
165 Event menitoring
A Computer functior-msur v/a u u c c A I
B Bpecific sensors b u C - A -
16T  Apesthesiclogy - invertebrates
A Pentobarbitol or derivitives 20 20 2k 1fwk Lofwk 20wk
168  Angsthesiology - invertebrates
4 Carbon-dicxide 3 3 5 bottles/dy 2 postles/dy 15/dy 6/ay
169 Television monitoring routine and for date B/W high resolution
i A TV cameras-deta type-specimen commitation U U 1/5¢ 1/5¢ A A
170 TV monitoring ad hoc - cammercial grade coler
A Transporteble hend held TV U u 30 win/ay - 30/ay -
174  Enzyme assay-reéommend aesays possible on crude hemogenates and
’ one step partial purification only for space anal A
B Preserye for ground analysis 10 5 1/uk - 10/wk -
17T Protein assay
B Preserve for ground anmlysis 10 5 L fwk - 25 fuk -
180 Plant hormones
B Preserve for ground analysis 10 5 2wk - 15wk -
184  Ciinostat emvirenment . ’
A Std. clinostat U ] 20 min/Wk 30 minfwk 10 min/wk crew 10/wk 10/wk
. time
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY {Mip. /Time Perlod)
Firat Succeoding Dedicated Lab Shared Lab Dedieated Lah Shared Lab
FUNCTION Repetition |[Repotitions {7 & 30 Day) {7 Day) Notes (7 & 30 Pay) (7 Day)
185 Cytochemical staining plants
€ Preserve for ground analysis 5 2 8wk - 194wk -
186 Cytochemical steining - animal systems - hematoalin/ecsin
C Preserve for ground analysis 5 2 8/wk - 19/%k -
201 Crew reatraint - stabilize the crew for max safty and efficiency .
L Using oombinatione of above u u. 30 minfuwk 15 minfwk 30/wk 15/ 4k
218 Deep body temperature - implantable seasor
B TImplnt sensor/hardwire to coup 15 4] [ - A -
226 Cells and Tissue population density
A Turbidametric 5 a 2/ay ifay T/dy Slay
302 Sweat sample collection
A Standard sponge system 19 2 3wk - 1 fwk -
1303 Swest preservation and storage
A Extract from sponge and freeze 3 1 3 3wk - S/uk -
306 Par canal caloric stimuation 1 : s
A Iquid (water) stimalation. (ear) 60 15 2wk 1/wk 75/4k 60k
307 Spatial localization
4 Gravireceptors response monitoring 60 bs 2 e - 105/wx* -
308 Electro-oculogram (Eog) C.14=100He A-D at least 500 samp/asc s 3
| B Electrophysiology backpack - man U i} 10 min/dy 5 min/fay 10/4y sfdy
302 Routipe metabolic gas monitoring k]
A Metabolic unit fixed 30 20 2/3 dys - 50/3 dys -
B Metebolic backoack 30 20 - 2wk - 50wk
310 Bicycle exrgamatry ) 3
A Bicycls ergometry st fixed consol 1008 50 2/3 dys - 110/3 dyA -
B Bicycle egometry with backpack U ] - 2/fuk - 110 /wk’
312 Blectronle equipment callbration
A Computer calibration u u 20/minfwk - 20/wk -
313 Atmospheric monitor calibration
P Bottled stds manudl calib u U 10 minfuk 10 min/wk 10/wk 10/wk
314  Blochemanalytical equipment calibration
A #Standard filters and solutions U u 10 minfwk 10 min/wk 10/ wk 10/wk
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY (Mip. /Time Period)
First Succeeding Dedicated Lab Shared Labk Dedicated Lab | Shared Lab
FONCTION Repetition |Repetitions (7 & 30 Day) {7 Day) Notas {T & 30 Day) (7 Dry)
315  Total body water ) ’
A Medical doctor physical exam 60 60 1wk - 60/wk3 -
316 Agrs.vic. perception .
A Controlled body or head movements L5 30 2fuk 1wk 75wk 45 Ayl
317  Ocular counter-rolling 7 N
A Iris photography 60 &0 2/wk 1/wk 120/wk 60k
318  Oculogyral illusion , ,
A Vestibular rotationel sensitivity 10 10 2wk 1/wk 20/wk 10/wk
319 Vectorcardiogram (VOG) 0.05-50CHZ A-D et least 2500 semp/sec 4
B Electrophysiology backpack - man - i U 15 win/3 dys 10 min/3 dyd 15/3 dyd 10/3 aye?
320 Phono/vibrocardicgram (PCG/VBCG) 0.1-20HZ 10-30HZ 30-500HZ and
0.1-100CHZ selectable - A-D &t least 100,150,2500,5000
_samples/sec respectively - 3 )
B Electrophysiology backpack - man - U U 15 min/3dys 10 min/3dy4 15/3 dys 10/3 dys
321 JImpedance cardiography {ZCG) A-D 100 samples/sec '3
B Electrephysiology backpack - man - U U 15 min/3dys - 15/3dy¢ 15/3dys?
322 Venous blood pressure - invasive during venipunctura
A Hypodermic needle transducer 20 15 2wk - 3540 -
324 Pulse wave veloclty
A E{G V8 flowmeter HE 30 1/wk - ILEN -
325 Pulse wave contour 3
A ECG VS flowmeter 45 30 1/wk - L5 Ak -
326 Ballistocardiczraphy (BCG) at least 800 samples per sec
B Electrophysiology backpack - men - u U 15 min/wk - 15/uk -
327 FRespiratory vitel capacity (VC), timed vital cepacity (W1, wa3)
Inspiratory capacity (IC), expiratory reservs volume {(ERV)
Tidal velume (TV), minute tidsl volume (MTV) mex inspiratory
flow (MIF), Max expiratory flow {MEF) max. breathing cspacity (MBC}
A-D at leagt 200 samples/sec )
A Pulmonary flowmeter 30 20 2wk 1/wk 504wk 30/wk3
330 Respiratory dend space (VD) alveolar ventilation (VA) residuel vol {WR) , 3
A Rapid response CO2 monitor - i | 5 2/ vk 1/wk 15/wk 10wk
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN, FREQUENCY (Min. /Time Period)
First Succeeding Dedicated Lab Shared Lab Dedicated Lab | Shared Iab
FUONCTION Repetition |Repetitions {7 & 30 Day) (7 Day) Notes (7T & 30 Day) {7 Day}
331 Bespirstory Alrway resistance (RA) 3 3
A Pulmonary resistance 10 5 2fuk 1/wk 15/uk 10/wk
332 Tung complimnce A-D at least 100 samp/sec 3 3
A Iung complisace 10 5 2fwk 1/wk 15/wk 104wk
333 Bleeding time 3
A Ear or finger prick 5 5 1/%k - 5wk - 3
B Ivy method 15 15 - 1fwk - 15wk
33k Clotting time 3
A Tube clot formation 10 5 1/wk - 10/wk -
335 Erythrocyte survival
A Radioisotope &0 45 1wk - 60wk -
336 Plasma glucose
A Autamatic biochemlcal analyzer 7 1 Ifuk - 2/wk -
337 Plaswa phosphate
B Prepare/preserve for ground anal 7 1 10 minfwk - 10/wk -
338  Plasma alkaline phosphatase
A Autematic biochemlcal amalyzer T 1 3w - 9wk -
333 Plasma bilirubin
A Automatic blochemical snulyzer 7 h  3/wx - ofwk -
340  Plasma globulins
A Electyphoresis 20 5 3wk - 30k -
341 Plasma ITmmunogloblns
& Electrophoresis 20 5 3w - 30/wk -
a4z  Plasma coagulation
A Time clot formation 10 5 3fuk - 15wk -
343 Body mass measurement device (BMD) for man 2 3
A Oscillatory mass velance 2 2 2/ay 2fay ifay Lfay
344  Elsctronystagmogrem (Eng} ‘ 3 3
B Electrophysiology backpack - men = u U 30 min/3 dys 20 minf3 dys 30/3dys 20/3dys
345  Angular acceleratiot threshold
A Vestibular threshold : 4s 30 2fwk 1/wk 75 fuk U5 fwk
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETTITION, MIN. FREQUENCY (Min, /Time Period)
First |BSucceeding Dedioated Lab Shared Lab ) Dedicated Lab | Shared Lab
FUNCTION Repetition |Repetitions (7 & 30 Day) (7 Day) Notes (7 & 30 Day) {7 Day)
346  Subject histories -
A Voice recording 5 5 2/ay 2/dy 10/dy 10/ay
347 Intreocular pressures 3
A Tonometry 15 10 Lfuk - 15/wk -
350- Crew metabcolic records - I‘ood/water consumption-unne/feces producticon
A Leberatory notebook u U 5 min/dy 5 min/dy sfay 5/ay
B Voice records u U 5 min/dy - 5/dy -
351 Bone densltometry - photon absorption
A Photon absorbbion 10 10 1/uk - 10/wk -
352 Raedioisctope cownting-whole body
A FRadicisotope counting &0 Ls 1wk - 60wk -
353  Culture/sensitivity-micrcorganlsm growth capability in presence of
varicus antibiotics .
A BSensidisk exposure 5 3 1fwk - 5/ -
354 Ear cansl temperature 3
A Temperature probe 5 5 2/wk 1Ak 10/wl%. 5k
355 Muscle sti‘eng‘th and slze
A Btandard measurements 20 15 E/Wk lfwk 35/wk EO/wk
336  Subject instrumentation end cleamup 3 3
‘B (common use restreint cheir U i 20 min/ay 10 min/dy 20/dy 10/ay
358  Biowedical equipment cleanup/disposal
B Common use resgiraint chajr u u 10 min/fdy - 10/ay -
35¢ Heart rate
A  Computer function u u 5 min/dy 3 min/dy 5/ay 3/ay
364 Visual task with hesd rotation .
A Response analysis tester 75 &0 - 1k - 3 75/Wk3
E Response analysis teating T 60 2/wk - 135/%k -
365 Vencus camplience (LWMS) ,
A Limb volur mesugrements 10 5 3fuk - 20wk -
366 Arteriolar reactivity ‘ 3
A Apalyze pulse wave contour/velotity u u 15 min/wk - 15wk -
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY (Min. /Tims Period)
Firat |[Bucoseding Dadicated Lab Shared Lab Dedirated Lab | Shared Lab
FUNCTION Repetition |[Rapetitions (7 & 30 Day) (7 Day) Notas (7 & 30 Day) (7 Day)
368 Stool preservation
A Therwal 10 g 3wk 2/wk 20wk 15/wk
369 Urine preservation
A Thermal 10 5 Ak 2wk 20/wk 15/wk
372" Fungal culturing
A Preprepared medie 30 20 1/wis - Jo/vk
373 PFungal identifieation
& Prepare for ground identificen 30 20 - 1/wk - 30/wk
koo Galavanic skin response (GSR) 3 3
4 Psychogalvanometer 10 5 2/wk 1fwk 150K 10/wie
401 Alveolar ventilation : 3 3
‘A Rapld response resplratory memitor 1 1 Yiwk 2/uwk bjwe 2/vx
402  Lung diffusion capaclty . 3
4 02/C02 ipotope inhalation 60 L5 2fuk - 105 /wk -
403  Average skin bemperature 3
A Thermjaters 5 5 LY. - 20/wk -
404 HRed blood cell mass (RBC MASS)
A Standard blood indecies 10 5 2fuk - 15/wk -
405 Blood plasma volume
A Radiochemistry [invasive) 30 20 2/un - 50/wk -
06  Urine, microscopic snalysis
A Prepare/preserve for ground anal . 5 2 2/ay 1/dy 7/ay s/ay
407 Urine chemicsl mnalysis (bile, acetome, CA, NA, ¥, CL and blood)
" A Prepare/preserve for ground anal ot 3 2 2fay 2/dy sfay 5/ay
B Analyze in space 30- 10 2/ay - Lo/fay -
LO8  5GOT (serum glutamic oxalscetic transaminmse)
A Prepare/preserve for ground anal 10 5 2k 2wk 15wk 15/wk
B Automatic blochemical analyzer 7 1 2w - 8/wk -
LG9  SOPT (serum glutamic-pyruvic trensaminase)
A Prepare/preserve for ground ansl 10 ¥ 2/uk 2/uk 13 fwk 13/wh
B Autcmatic blochemical analyzer 7 1 2/uk - 8/uk -
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" TIME REQUIRED PER CREW TIME REQUIRED
. REPETITTION, MIN. FREQUENCY (Min. /Time Period)
First [Succeeding Dedicated Lab Shared Lab Dedieated Tab | Shared Lab
FUNCTION Repetition |Repetitions (7 & 30 Day) (7 Day) Notes {7 & 30 Day} (7 Day)
431  Minersl balance
A Specisl foods and urine/feces anal 2 1 Lfay 2/ay 5/dy 3fay
b12  Fecel mass/net welght measurement
A Prepare/preserve for ground anal 10 10 2/ay - 20/ay -
L14% Impedance pnewmogrem TOr mWAn
B Electrophysiology bodypeck 20 10 2wk - 10/wk -
415 ILung volumes
_ A’ Respiretory flowmeter 10 5 2/wk - 154k -
416 Tracking measurements
A Computerized psychomtr perf mod 4 2 2/wk - 6 /wk -
417  Plasma cholegterol
A Preparefpreserve for ground anal 10 3 2/we - 13/wk -
B Automatic biochemical analyzer 7 1 2k - 8/wk -
418 Urine volume
A Preparefpreserve for ground anal 10 10 - 2/ay - 20/dy
B Measure in Space 4 2 Yfay - 10/ay -
415 Nitrogen balance
A‘ Specinl premeesured fo0ds msure 2 1 L fay - Sfcw -
L20  Coleric intake .
A Special premeasured foods meure 2 1 2/ay - 3/dy -
B Premsurd food preserve/pkg waste 5 1 2/ay o 6/dy -
421 Water consumpiion for man
A Metering water dispensor 2 1 Lfay - s/dy -
Lal  Carotid body stimuletian response measurement
A E(G/blond pressure response to stimuili 30 ‘25 2wk - 55 fwk > -
%25 Blood rheclogy/encephar orhecgram (ERG) 3
A Radiochemical tracers ] L5 2/wk - 105 fwk -
426 FProthrombin consumption
A Clot formation time 15 5 2k - 20/wk -
427  Platelet sdhesiveness .
A Microseopic evaluation lo space 20 10 2wk - 30/wk -
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TIME REQUIRED PER

CREW TIME REQUIRED

Prepare/preserve for ground anel

REPETITION, MIN. FREQUENCY (Min. /Time Period)
First | Sucecseding Dedicated Lab Shared Lah Dedicated Lab | Shared Lab
FUNCTION Repattion jRepetitions (7 & 30 Day) {7 Day) Notas {T & 30 Day) (7 Day)
429  Serum antidiuretic hormone (ADH) ’ .
A TPrepare/preserve for ground anal 1o 3 2her 2fvk 13k 13/vk
B Anslyze in space-autoanslyzer 5 3 2huk - B/ux -
430 Biood, 17 bhydroxycortiocosterolds
A Prepare/preserve for ground anal 10 3 2wk 2/wk 13 /4l 13/wk
B Autometic blochemical analyzer 7 1 2/wk - 8/wk -
k31  Blood urea nitrogen (BUN)
A Prepare/preserve for ground anal 10 3 2/uk 2fwk 13/wk 13wk
B Automatic biochemical anelyzer 7 1 2fwk - 8wk -
432  Blood urie aeld
A Prepare/preserve for ground anal 10 3 2fuk 2/wx 13wk 13/wk
B Automatic biochemicel analyzer 7 1 2fuk - 8/fwk -
433 Blood bicarbonate
A Prepare/preserve for ground anal 10 3 afwk - 13wk -
B Automstic blochemical analyzer 7 1 2/wk - 8wk -
434 Creatinine phosphokinase {CPK) blood
A Preparefpregerve for ground anal 10 3 2wk - 13w -
B Autematic biochemical mnalyzer 7 1 2/ - 8/wx -
435 Serun lmctic acld dehydrogenese (LDH) and LDH f{soenzymes
A Prepare/preserve for ground apal 10 3 2/uk 2fx 13wk 13/wk
B Automatic biochemical analyzer 7 1 2/ vk - 8wk -
- k36 Blood sdrenocorticotraple hormone (4CTH)
A Preparefpreserve for ground anal 10 3 2wk 2fwk 13/wk 13/wk
B Autcoatic blochemical analyzer 7 1 2wk - 8/nk -
437  Blood THEPA
. A Prepare/preserve for ground anal 10 3 2wk - 13 fwk -
B Automatic blochemical snalyzer T 1 2fex - 8/wk -
438  Blook histemin .
A Prepare/preserve for ground ansl 1D 3 2/ - - 13/wk -
B Autcmatie blochemical analyzer 7 1 2fwk - 8/wk -
k39 Lymphocyte kariotyping
A Preparec/preserve for ground anal 0 3 hfwk - 19/uk -
440  Transferrins, blood )
A 15 10 2fux - 25 fwk -
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TIME REQUIRED FER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY {Min. /Time Period)
First |Succeeding Dedicated Lab Shared Lab Dedicated Lab { Shared Lab
FUNCTION Repetition |Repetitions | (7 & 30 Day) {7 Day) Notes (T&30 Dayy | | (7 Day)

440 {cont.)

B Apalyze in space - autcanalyzer 5 3 2k - 8/uk -
441 Whele blood methomeglobin

A Prepare/preserve for groung anal 16 3 - 2fwk - 13 /wk

B Automatic Biochemical analyzer 7 i 4 fuk - 10wl -
LIp RBC enzyme measurement

A Prepare fpreserve for ground anal 10 3 2/l 2k 13/ wk 13/wk

B Analyze in space-sutoanalyzer 5 3 2/wk - 8wk -
443 Complement titration, blood

A TPreparefpreserve for ground ansl 10 3 2k - 13/wk -

B Analyze in space - autcmnalyzer 5 3 2/uk - 8 /wk -
ki Thyroid stimulsting hormbne

A Prepare/preserve for ground anal 10 3 2/wk - 13/wk -

B Analyze in space-sutoanalyzer 5 3 2wk - 8/wk -
L45  Blood growth hormone

A Prepare/preserve for ground anal 10 3 2wk - 13 /wk -

B Automstic biochemical analyzer 7 1 2fuk - 8/w -
446 Serum parathyroid hormone

A Prepare/preserve for ground anal 10 3 2wk - 13wk -

B Autometic biochemical analyzer 7 1 2/wk - 8wk -

[ L4T  Serum calcitonin

A& Prepare/preserve for ground anel 5 2 2k - T/wk -

B Automatic biochemical enalyzer 7 1 2fvk - 8/wx -
448 Insulin assay
- A Prepere/preserve for ground anal 10 2 4 fwk - 16 fuke -
449  Glucegon assay

A Prepare/preserve for ground anal 10 2 2/vk - 12/wk -

B Apalyze in space - bench chemistry 30 10 2 vk - 40wk -
450 Blood serctonin (SHIAR}

A Prepave/preserve for ground anal 5 2 2/vk 2/wk 7wk T Wk

B Analyze in space - autcenalyzer 5 3 2wk - B8/wk -
451 Angictension IO ’ )

A Radiochemistry 30 10 19,53 - 60/wx -
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY (Min. /Time Pariod)
First |Succesding Dedieated Lab Shared Lab Dedicated Lab | Shaved Lab
FUNCTION Repetition | Repetitiona {7 & 30 Day) {7 Day) Notes {7 & 30 Day) {1 Day)

452  Mepbrane assay sad cytogenlc anelysia,blood cells

A Measure RBC fragility, sphering,etc. 30 15 L Ak - 75/4k -
453  Uriece, taleium

A Prepare/preserve for ground anal 5 2 2/wk 2wk 7wk 7 Sk

B Analyze in epace - autourine analyzr 8 3 ajwk - 8/wk -
b5k Urine, Mucoproteins

A Preparc,/preserve for ground apnal 5 2 2wk - 7/wk -

B Analyze in space - autcurine analsr 5 3 2wk - 8 fwk -
455 Urine, pyrophosphates

A Preparefpreserve for ground snal 5 2 2/uk - 7wk -

B Analyze in space-autcurine analzr 5 3 2 - 8wk -
456  Urine, Hyrdegyprolines

A Prepare/pmserve for ground anal 5 2 2/wk - 7wk -

B Analyze in space - autourine analzr 5 3 2pk - Bfwk -
457 Urine, total amino acid

A Prepare/preserve for ground anal 5 2 2/wx - 7/wk -

B Anslygze in space - autourine analzr 5 3 2wk - B/wk -
458 Urlne, Aldostercne ‘

A Preparefpreserve for ground anal 5 2 2wk - 7wk -

B Analyze fn space - gutourine analsr 5 3 2/wk - 8/ux -
'459  Urine, Antidiuretic hormone {ADH)

A Trepare/preserve for ground anal 10 3 2k 2/wk 13/wk 13/wk

B Analyze in space - autourioe analzr 5 3 2/wk - 8wk -
L0 Urine, 17, hydroxycortlocostercids

- A Prepare/preserve for ground anal 5 2 2Ak 2wk T/ THuk

B Analyze in space - autourins analzr 5 3 2/wx - 8wk -
461  Urine, 17, Ketostercids

A Prepare/preserve for ground anal 5 2 2wk 2/wk Tk T hwk

B Analyze in space - autourine analzr 5 3 2/wk - 8/wk -
452 Urine, vinyl mendeiic acia {WA)

A Prepare/preserve for ground anal 5 2 2fuk 2k THk Thak

B Analyze in-space-sutcurine analar 5 -3 2 fwk - BAwk -
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TIME REQUIRED PER

CREW TIME REQUIRED
REPETITION, MIN. FREQUENCY {Min. /Time Pariod)
- First |Bacceeding Dedicated Lab Shared Lab Dedicated Iab | Shared Lab
FUNCTION Repetition [Repetitlons | (7 & 30 Day) @ Day) Notes (7 & 30 Day) {7 Day)
63  Urine, metanephrinea ‘ :
A Prepare/preserve for ground anal 5 2 2 uk 2wk Thik 7/wk
B Anslyze in space-autourine analzr 5 3 2k - 8 fuk -
4L  Urine, catacholcamines
A Prepare/preserve for ground anal 5 2 2wk 2wk 7wk 7/wk
B Anelyze in space-mutourine snalzr 5 3 2/wk - 8k -
65 Urine, histauines
A Prepare/preserve for ground ansl 5 2 2wk - Tk -
‘B Analyze in space-autourine anaizr 5 3 2fwk - 8wk -
465  Urine, serctonine (SHIAA}
A Prepare/preserve for ground anal 5 2 1/dy 1/dy 5/dy 5/dy
B Analyze in space-autcurine analer 5 3 1/ay - 5 /ay -
hg7 Urine, sulfate .
A Prepare/preserve for ground snal 5 2 2wk - 7 fwk -
B Anelyze in space-auicurine analzr 5 3 2/wk - 8 /wk -
468 Electromagnetic field monitoring
A Antenpas-recelvers 30 "C - A -
43 BRotating litter chair (RIC)
A Rotating litter chair 10 8 2/wk 1/wk 18/ vk 10/wk
500 Cootrol of exper parameters - T,P,Flow,Power,etc,
A Meas/displey and manual control 1 5 min/l hrs - 5/4 hrs -
301 Analysis of gas mixtures for 02, N2, CO2, CO, CHL, 20, H2, NH3, etc.
A Chromatogrephy : 5 5 min/ay 3 min/dy 5/ay 3/ay
E TIngividual consgtituent sensors 2 5 min/dy 2 min/éy sfay 2/ay
507  Liquid transfer
& Syringe trensfer 3 10 min/fdy - 10/dy -
508  vacum supply
A Use space vacuum 2 c - A -
510 Electrical power system for experiment support .
A Sortie Module supply - lab dietrib, and centrol 2 2 min/ay 2 min/dy Meking electrien] 2/dy 2/ay
- : connections,etc.
511 Electrical continuity end voltage measurements .
A Tndividuel meter measurements 3 5 min/dy 5 minfay s/ay 5/dy
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN, FREQUENCY (Min. /Time Period)
First Suceceeding Dedicated Lab Sbared Lab Dedicated Lab | Shared Lab
FUNCTION Repetition |Repetitions (7 & 30 Day) {7 Duy) Notas {T & 30 Day) (T Day)

512 Electrical ampersge measurements

A Individual mater memmuremstts 2 5 min/dy 5 min/dy 5/dy 5/dy
515 Supply of coolant .

A B supply-lab &iat/control 2 5 min/ay 5 minfay Making coolant 5fdy s/ay

copnections,etc,

517 {Clzan-up, liquid and solid

-4 Mammal 5 5 min/ay 5 min/dy s/dy 5/dy
518 Traeh disposal

A Manuml transfer, ncompaction,stor. 2 2 minfdy - 2 dy -
520 Pressure sult donning and doffing {experimental)

" A Meamual, using mechnaical mids 30 30 min/3 dy - 30/3 aays -

521 Pressure ault ventilation and eocling (experimental)

A Umbilieal 5 15 mia/3 dy - 15/3 dys -

B PISS {portable iffe support syst) 15 15 min/3 dy ' 15/3 dys -
523 Ingreaa/egress (laboratory to EVA)

A Afrlock 30 30 minfwk - 30/wk -
524 EVA maintenance tesk simuletion

A Simulate meintenance tasks (EVA) 80 i 15 min/ux - 15/wk -
525 Date management

A Digital camputer maneged data c c A A
TO3  WVisual - acuity, statie - near snd far

A Computerized vision memitor 2 2/3 dy - L/3 dys -
702  Visual - sterecpsis {depth perceptiom), static

A Computerized vision monltor 2 2/3 ay - Lf3 dys -
704  Visual - brightness threshold, absolute

4 Computerized vieicn monitor 2 2/3 ay - 4/3 dys -
706  Visual - color perception

A Computerized vision monitor 1 2/3 ay - 2/3 dys -
707  Visual - eritical flicker fusiop frequency

A Computerized vision monitor 2 2/3 ay - L/3 ays -
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETTTION, MIN. FREQUENCY {Min. /Time Period)
Firgt |Succeeding Dedicated Lab Shared Lab Dedicated Lab |} Shared Lab
FURCTION Repetition |Repetitions (7 & 30 Day) (7 Day) Notes {7 & 30 Day) (7 Day)
T08  Visual - phorims, lateral and vertical - near apd far
A Computerized vision moniter 2 2 2/3 ay - L/3 dys .
709  "Visual - glare recovery (photo stress)
A Computerized wision monitor 2 2 2/3 ay - L/3 dys -
710 Wsual - dark adaptation .
A Computerized vision monitor 2 2 2/3 ay - 20 minman erew Lof3 ays -
time
Tl3 Vieual - peripheral field
A Computerized vision monitor 3 3 2/3 ay - 6/3 dys -
715 Auditory - absclute threshold
A Computerized audicmeter z 2 2/3 ay - 4/3 dy -
715  Auditory - pitch discrimination
A Computerized audicmeter 3 2 2/3 dy - 5/3 dya -
717 Auditory - temporal aculty )
A Computerized sudicmeter 3 2 2/3 éy - 5/3 dys -
T30 Cognitive/complex perceptual - speech intelligibility
A Menosyllabic word/sentence tests 5 5 2/3 ay - 10/3 dys -
T34 Cognitive/complex perceptusl - perceptual spsed
A CBT displayed speed of ID test 3 5 2/3 ay - 11/3 dys -
740 Cognitive/conceptual and thinking abil.-verbal knowledge, word fluency
numerical ability, concept fluency, discovery of principles, general
reasoning, seeing implications and consegquonces (foresight), logieal
evaluation, ete.
A CRT displeyed questns, problms, ete. 10 10 2/3 ay - 20/3 dys -
752  Cogritive/memory - memory span-immediate recall
A CRT displayed tests 5 5 2/3 ay - 10/3 ay -
T60  Fine psychomotor - menipulative ability-arm/hand steadiness
A Computerized psychomtr perf mod 5 5 2/3 ay - 10/3 ay -
766  Fine psychomotor - gross positioning ability-control prec (TRK)
A Computerized psychombr perf mod b 2 2/3 dy 2/wk 6/3 dys 6wk
768  Fine psychamotor - gross positioning ebility-muitilimb coocrd.
A Simultaneous performance of 2 tasks 5 3 2/3 dy - B/ dy:
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REPETITION, 1\:@ FREQUENCY (Min, /Time Period)
First Succeeding Dedicated Lab Shared Lab Dedicated Lab | Shared Lab
FUNCTION Repetition [Repetitions | (7 & 30 Day) {7 Duy) Notea {7 & 30 Day) {7 Day)
770  Fige psychamotor - reaction time - simple
A Ceomptrzd psychomtr perf mod ! 2 e/3 dy - 5/3 dys -
771  Fine Paychomotor - reaction time - camplex(resp orientatn)
A Comptrzd psymtr perf mod 2 1 2/3 dy - 3/3 dys -
T76  Gross Psychomotor - muscle strenghh-—impulaive-handfshldr
B Forte application test (M508 type) 10 10 2/3 ay - 20/3 dys -

780 Gross Psychomotor - groes body coordination
A Coordination test 6 5 2f3 ay - 11/3 dys -

B20 Task completion times {£.G. time to complete a specified maintenance task,
to aggepble an antenna rib, te move from point A to B by a maneuvering
unit, o align an object with a remote manipulator, to complete a pro-

. ticiency asseasment task, ete.)

A Subject or expermtr-actuated timer : v U 10/uinfay 5 min/ay 10/3y s/dy

¢ Video coversse v u 60 min/dy 30 min/dy Same time period &0/ay 3 30/dy 3
for ecrew ]

821 Task aécurq.r:y'nnd errors

A Method is experiment specific 60 min/dy 30 min/dy "
822  Crew body position measurements

B Motion picture photography u U 30 min/dy 15 min/fdy "
823 Crew body motion measurements

B Motion plcture photography U U 30 min/dy 15 wminfay "

C Body meunted gengors u U 60 min/fdy 30 min/dy
825 Eye movement measurements - optical

A PRecording of vibusl field and peint ] u 15 min/wk 10 minfuk 15wk 10/wk
B30 Frequeéncy of equipment/facility utildzation ’ _

A Video coverage I u (1/10C) - (a) -
831 Length of use of equipment/facility '

A Video coversga ¢} u (1/10C) - (4) -

832 Sequence of use of squipment/facilities . .
A video coverage u U (1/10¢ - (A) -

833 Crew subjective coments on equipnent/facinty/procedures/sched. ‘ . i
B Crew logs-unstructured response ) - 10 10 5 min/ay 5 min/dy { slay sfay
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TIME REQUIRED PER

CREW TIME REQUIRED

REPETITION, MIN. FREQUENCY {Min. /Time Period)
First |Succeeding Dedicatad Lab Shared Lab Dedicated Lab | Shared Lab
FUNCTION Repetition |Repetiions {7 & 30 Day) {7 Day) Noies (T & 30 Day) (7 Day)
834" TFecility Traffic patterns '
A Video coverage U U (1/10c) - {a) -
84O Max mass trensportable - function of type of mobility alg. 3 3
A Shirteleeve{IVA) limlts u U 30 minfwk 20 min/wk 3Ofw!£3 20/wk
B Suited (pressurized) limits u u 30 minfwk - 30/ vk -
845  Remote manipulation '
A Bilateral elsctrc mastr/slave manp u U 30 min/fwk - 30/wi -
550 Routine equipment waintenance
A Periodic completn of checklist regq u U 10 win/dy - 10/dy -




APPENDIX IIT

COST STUDIES
This appendix documents the basic working data used to develop the cost distribution
estimates for the Life Scilences Laboratories discussed in Section 8.0 of Volume II.

The data presented is a computer printout of the cost distribution curves based upon
the NASA idealized cost distribution shown in curve 3 of Figure 8-5 ir. Volume II.

The data format includes:

1., Three Cost Summary Sections

Table TO-1 Shared 7-Day Laboratory
Table IT-2 Dedicated 7-Day Laboratory
Table ITI-3 Dedicated 30~Day Laboratory

2, A cost Data Sheet for each EU of each Laboratory.

The individual EU cost data sheets provide three types of cost information. The fund~
ing rate in thousand dollars per year is shown in the upper tabulation of each sheet.
This was used to develop the subsequent tabulations of total cumulative funding and
quarterly funding. The cumulative research equipment funding tabulation (center
table of each sheet) provides the research equipment cost data presented in the vari-
ous cost tables of Volumes I and II.

At the end of each laboratory cost summary section, the total cost for all the EUs within
the payload is presented. These summary tabulations present the same three categories
of cost data as discussed above; namely, yearly funding rate, cumulative costs, and
quarterly funding.



TABLE ITI-1

COST DISTRIBUTION DATA
FOR INDEPENDENT DEVELOPMENT
OF THE SHARED 7-DAY LABORATORY
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Oel .0 0.0 8.0 L e 0.0 f.0 0N 1.0 G242 2974
578.7 896,27 1431,5 1772,2 1875.0 1772.3 14B1.% 1031.2 S764.4 €12.6 437.8 Ki8.9
THE TOTAL FUNDING RENUIRED (CUMULATIVE COSTS IN K$) IS SHOWN BELOW, THE
NUMRFRS REPRESSAT THE CUMULATIVE COSTS AT THE INDICATED T-IME.
TINE(YEARS)
0.5 1.0 1.5 .0 25 3.0
18645 F10.5 629.5 1039.9 1500.0 1€K0.1 2270.4 2701.9 2967.0 3159.7
0.0 0.0 0.0 8.0 8.0 0.0 0.0 0.0 0.0 0.0 Be? 47.6
10645 31045 629,86 1039.,9 1500.0 1960.1 2270.4 2701.9 29% 7.0 3159.7

THE DUARTERLY FUNDING REQUIRED (K%} IS SHCWN EELOW. THE NUMPERS REP
THE DOLLARS SPFNT IN THE FRECFLING THREE FCNTH PERIOND.

TIMEC(YEARS)

140.2 32&.0 419.0

X285.7 3414.6 3600.8 3818.0 3909.0

PESENT

0.5 il 1.% 240 2.5 3.0

91,2 20h.a1 T19.1 410.2 GLEO0.1 4R0.1 410.2 331.5 225.1 192.8 116.8 A e &
0.0 0.0 G0 9.¢C .0 03 9.9 0.0 g.0 .0 8.7 8.9

‘81,7 204.1 19,1 410.2 463.1 LBN.1  618.2 31.6 255,11 192.8 125.% 129,.%

1.5 IQ-U
9.7 2G4 0.9
Q2.5 187.9 91.0

186.2 217.2



1

DEVELOFNMENT
PRODUCTION

TOTAL

DEVELOFFENT
PRODUCTICN

TOTAL

DEVELOFMENT
PRODUCTIGCN

TOTAL

THF FUMAING PATE

FUNDT

(KE/YEAR)

FUMITING RATE REQUIRED AT

N REOUIREMENTS FCR EL 2

VARIES A5 SHOKWM FELCW,
THE IMDICRETED TIME (SLCPE DF THT

TIME(YSARS)

Elu
0.1 2.0 Feb
0.1 9.0 .0
0.1 0.0 Bl

THE N!MBERS REPRESENT THZ

CUMULATIVE COST CUPYEY,

2.5 3.0

14,8 18.7 14.8
t.0 g.0 0.0

148 18.7 14.8

THE YOTAL FUNDING REAUIRED (CUMULATIVE COSYS IN K%} IS SMOWN BELOW. THE
NUMBFRE REPRESENT THE CUMULATIVE COSTS AT THE IMDICATED I'IME,

TIMEIYEARS)

2.0
t.0 0.0 «5
0.0 %.0 0.0
0.9 2.0 «5

THE PUBRTERLY FUNDING RENUTRED (X7} IS SHCWN BELOW,
THE DOLLARS SPERT IN THE

PREGCECING THREE

TIME(YEARS)

Z2e0
UIO OID '5
0.1 C.D Cel
0.3 ta.0 .5

2.5 3.0
3.1 7.5 11.49
g.0 G6.0 0.0
3.1 TeF 1.9

THE NUMBERS REPPESENT
FONTN FERTOD.

2.5 3.0
26 Gal [T A
0.0 0.0 0.0
2. F Lel [

148.0

148,90

29.6
0.0

29.6

142.2
14242

28444

o
-
n

71Ig
15.1

87.9

4243
15.1

5744

8.0
G22.2

52242

8740
10tk

191.4

azr.0
167.0

25440

0«0
6246

€2.6



FUNMDING RFOUIREMENTS FCR EL 3

THE FUNDING RATE (K®/YEAR) VARIES £S5 SHOWh BELCW. THE NUMPERS FEPRESENT THE
FUMDING RATE REQUIRED AT THE IMDICATED TIME (SLOPE OF THE CUMULPTIVE COST CURVE).

TIMELYERRS}
‘ € 0.5 1.0 1.5 2.0 745 3.0 3.5 4.0
OEVELOPMENT Dat 0.1 0.0 0.0 0.0 246 8.0 13.2 16.3 1€.3 13.2 8.0 2.6 811.9 #&1i.9 0.0 0.0
PRODUCTION 0.0 t.0 0.0 0.0 2.0 0.0 0.0 8.0 - 0.0 G.0 Ba.0 0.0 0.0 10.5 18,7 374.5 0.0
TOTAL 0.0 0.0 J.0 0.0 8.0 ° 2.6 8.0 13.2 1643 1£.3 13.2 8.0 2eb 82244 830456 3ITH.5 0.0

THE TOYAL FUNDING REQUIRED {CUMULATIVE TOSTS INK X% IS SHOWN RELOW, THE
NUMBERS REPRESENT THE CUMULATIVE COSYTS AT THE INDICATED T'IME,

TIME(YEARS)
B 4.5 1.0 1.5 2.0 25 3,0 3.5 4.0
ODEVELOFNMENT 4.0 8.0 0.0 g.0 0.4 2 2 1.5 L,2 7.9 12.1 1:6.8 13.5 19,8 106.3 I44.7 431.0 431.0
PRODUCTION 0.0 0.0 .0 0.3 0.0 3.0 0.0 Qi bl g.0 f.0 g.0 B.0 1.0 Sef S4.5 101.0
TOTAL 0.0 0.0 0.0 2.0 0.0 2 1.5 L,? 7.9 12,1 15.8 18.5 19.8 107.3 348.7 485.5 532.0
THE NUARTERLY FUNODING RECUIRED (KT} IS SHCWN BELDW, THE NUMBRERS REPRESENT
THE TOLLARS SPENT IN THE FRECEDING THREE FCNTH PERIOD,
TIMEL(YEARS)
L] 0.5 1.0 1.5 2.0 2.5 3.0 2.5 4e0
DEVELOFPMENT 0,0 0.0 8.0 .0 .0 4 1.3 2.7 3.7 4.1 3.7 2.7 1.3 86.5 Z238.5 863 Ga0
PROOUCTION 8.0 0.0 .0 g.0 0.0 .0 0.0 9.7 0.0 0.0 0.0 0.0 0.0 1.0 4ol 49,5 L1:1%-7

TOTAL 0.0 0.0 .9 0.0 3.0 .2 1.3 2.7 2.7 el .7 247 1.2 87+% 242,04 125.,7 4B45



9~

DEVELOFFENT
PROQUCTION

TOTAL

DEVELOPMENT
PRODUCTICN

TOTAL

OCEVELOFFENT
PRODLCYION

TOTAL

FUNDIMG RECUIREMENTS FCR EU 4

THE FUMDING RATE (WS/YEAR} VAPIES AS SHOWM PELCW. THE NUMRERS REPRESENT THE
FUNOING RATE RERUIRFD AT THE TROICATEN TINEL (SLOPE OF THF CUMULATIVE COST CURVE).
TTMELYEARS)
9 0.5 1.0 1,F ‘ 2.0 e 3.0

0l 116.7 385.8 597.5 98747 1067.7 2126.3 263041 277E.0 2669.4 2560,3 1914,7 1012.1 712.2
0.0 0.0 0.0 0.0 0.0 0.0 0.0 g.0 g.0 0.0 0.0 0.0 1544 10844

0l 11€.7 235.8 597.5 987,7 L4EF.T 2126.3 2630.1 2T7€.0 2669.4 2550,3 1511.7 1027.4 B20.6

THE TOTYAL FUNDING REQUIRED (CUMULATIVE COSTS IN K€) IS SHOWN RELOW. THE
NUMBERS REPRESENY THE QUMULATIVE CCSTS AT THE INDTCATED T-IME,

TIME(YEARS)

L) 0.5 1.0 1.% 2.0 2.5 3.0

3.5 4.0
428.6 0.0 0.9
il.6 G61,0 0.0

770.3 4E1.0 Ge0

3.5 el

040 10.2 Ti.0 207.0 419.,8 718.6 116B8,1 1768.5 2453.0 3146,3 3821.5 LI89.2 4755.4 495L.5 S5106.5 5152.0 5152,.0

0.0 0.0 0.0 Qa0 2.0 0.0 C.0 8.0 0.0 0.0 G.0 0.0 1oy 15.2

70.7 181.1 23%3.0

0.0 10.2 7i.0 207.0 419.8 F18.6 11628.1 1FE8.5 2453,0 314€,F 3821.5 L2I8G.2 UT56.8 4969.6 5177.2 5333.1 5385.0

YHE PUARTERLY FUNDING REQUIRED (K%Y IS SHCWN AELOW. THE NUMRERS REPRESENT
THE DOLLARS SPENT IN THE FRECETING THREE MCANTH PFRTOD.
TIME{YEARS)
] 0.5 ’ 1.0 1.% 2.0 2.5 3.0

0.0 10.2 60,3 136,90 212.7 298.9 445.5 END.h E8445 E93.4 BTS5,2 G667.7 366.1 199.1
0.0 0.0 C.0 0.0 0.0 9.0 0.0 Y] 0.0 0,0 ¢.0 0.8 1.4 13.7

B.0 ig.2 Al.8 13640 212.7 2983.,9 64Y9,5 €00.4 F84s5 AIX, 4 B7S.Z ERT.T 367.6 212.8

3.5 4.0

152.0 45,5 0.0
S5.6 11044  51.9

207.6 165.9 51.9



L4-1I1

DEVELCPMENT
PRODUCTICON

TOvAL

DEVELOFVENT
PRODUCTION

TOTAL

DEVELOFMENT
PRODUCTION

TOTAL

0.0
Bal

THE FUNDING RATE (KT/YEAR} VARJES £R% SHOWN BELCW.

FUND ING

THE TOTAL

FUNDING PECUIREMENTS FCR EU 5

THE NIIMRERS REPRESENT THE

RATE REMQUIRED AT THE INDICAYED TIME (SLCPE OF THE CUMULETIVE COST CURVEY,

FUNDING REAQUEIRED

(CUMULATTIVE GOSTE IK ¥i)

TIMEIYEARS)

2.0 7aF 3.0 2.5 4.0

13,2 1643 G515,9 1202,2 {E26.7 1281.€ 1272.0 772.3 DaD 0.0
0.0 .0 0.0 a. 0 G.0 Geli 4.2 ©£68.5 E£01,2 .0
13.2 16,3 515.9 1292.2 1€26.,7 1281.€ 1276.2 1340.8 B861.2 G0

TS SHOWN RELOW. THE

NUMARFRS REPRESENT THE CUMULATIVE CCSTS AT THE INDICATED T-IMF,

THE OQUARTERLY FUNDING REQUIRED
THE DOLLARS SPENT IN THE PRECEDING THRTE MONTH PERIOD.

{X3)y IS SHCKN BELOW.

TIMECYEARS)

2.0 2.% 3.0 3.6 LTy
4.2 7eS EB8s0 22746 EBHLD 1043.0 1351.1 1623.9 1706.0 1706.0
0.0 0.0 0.0 Ge0 0.0 0.0 b E1.6 257+5 J47.0
4.2 7.9 5B.0 297.6 E£66.0 1063.0 1351.5 1E85.% 19€3.5 2053.0

THE NUMBERS REPRESENT

TIME(YEARS)

2.0 2.5 3.0 3.5 4.9

2.7 3.7 Slel 229.6 3I7B.4 3JI77.0 308.1 272.8 82.1 0.4
0.0 0.0 0.0 9.0 g.¢0 0.0 ol B1.2 19%.9 89.5
2.7 3.7 5.1 229.6 378.4 3770 3085 T3u.0 277.9 89.5



DEVELQRFENT
PRODUCTICN

TOTAL

8-

NEVELOFVENT
PRODUCTICN

TOTAL

QEVELOFYENT
PRODLUCTION

TOTAL

G0

[—] X~
[ =}

THE FLUNDING PATE (K2/YEAP) VARIES AS SWDHM BELCH.
FURDING

THE TOTAL FUNDING RENUIRED

THE DUARTERLY FUNDINS REQUIRED

FUNDING REQUIREMENTS FCR EU 6

THE NUMBERS REPRESENT THE

RATE RENUIRED AT THE INDICATED TIVE (SLCPE OF THI CUMULATIVE COST CURVE).

[= N =]
.
oo

00

a.0
0.0

TIME(YEARS)

Ze0
0.0 0.2 57.9
0.0 b.0 [
0.0 9.0 57.9

7?45

1481 1B7.5
0.0 G.0

48,1 187.5

(CUNMULATIVE COSTS IN K3) IS SHOWN BELOW.
NUMBERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T IME,

1.%

0.0
0.0

TIME(YEARSE)

2.0
uo'.‘ ulu 5.3
0.0 0.9 0.4

0.0 0.0 5.3

(K$? IS SHCKN BELOW,

Z.5

31.5 75.1
g.0 0.0

31.5 75.4

THE NUMBERS REPRESENT

THE DOLLARS SPENT IN THE FRECFLING THREE PCNTH PERIOD.

TIMELYEARS)

.0
0.1 0.0 5.3
0.3 0.0 0.0
0.0 .0 .3

245

262 43.5
0.0 0.0

26e2 43.5

148.1
00

148.1

THE

3.0

118.5
8.0

118.5

190.2

190.2

158.7
0.0

158.7

hB.E

40,2

132.3
69.1

£01.5

3.5

202.49
7.3

21043

3.5

ﬁ"lz
T3

51.5

217.0
31,7

2u8.7

14.1
2he3

36.4

G.2
G0

0.0

217.0
43.0

260,10

0.0
11,3

11.3
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FUNOIMG REQUIREMENTS FCR EU 7

THE FUNDING RATE (X3/YEAR)Y VARIES S SHOWN PELCKW. THE NUMRERS REPRESENT THE
FUNDIING RATE REAUIRED AT THE IMDICATED TIME (SLOPE OF THS CUMULATIVE COST CURVE).

TIME(YEARST)

8 9.5 1.0 1.5 2.0 245 3.9 3.5 4at
DEVELOFNMENT 0.0 8.0 B0 0.0 240 0.0 6.0 0.0 0.0 0.0 0.0 0.0 Bel  41.5  41.5 6.0 Ga0
PRODLCTION 0.0 0.0 0.0 0.0 8.0 0.0 €.0 .0 0.0 t.0 0.0 0.8 G.0 0.0 0.9 44,0 Ge0
ToTAL 0.0 .0 0.0 0.0 0.0 0.0 0.0 a0 0.0 040 0.0 043 0.0  B1.5  41.5  sb.0 0.0
THE TOTAL FUNDING REQUIRED (CUMULAYTIVE COSYS IN K3} IS S4OWN BELOW, THE
NUMRERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T-IMF.
TIME (YEARS)
] 8.5 1.0 1.5 2.0 2.5 3.0 2.5 4.0
DEVELOFVENT 040 .0 DaB .0 2.0 0.0 0.0 0.9 040 0.0 .0 0.0 0.0 Lok 16.6  21.0 21,0
PRODUC TTON £s10 0.0 0.0 0.0 0.0 0.0 0.0 8.1 0.0 0.0 0.0 040 8.0 B+0 0.0 5.5 11.0
TOTAL 0.0 9.0 e 1.0 2.0 0.6 0.0 0.0 0.0 £.0 9.0 6.0 0.0 bk 16.6 265 32.0
THE OUARTERLY SUNDING REOUIRED (X$F IS SHCWN RELOM. THE NUMRERS REPRESENT
THE DOLLARS SPENT IN TME PRECEGING THREE KCNTM FERIOD,
TIME (YERRS)
] 0.5 te0 1.5 2.0 245 3.0 3.5 4.0
DEVELOFFENT 00 0.0 0.9 0.0 e 0.0 £.0 0.0 .0 0.0 g.0 0.0 .0 4ol 12,2 [ 040
PRODLC TION 40 0.0 60 0.9 8.0 0.0 .0 B.9 8.0 0.0 o.n U0 0.0 0.0 8.0 5.5 5.5
TOTAL 0.0 9.0 0.9 B0 .0 0.0 0.0 0.2 8.0 DBa0 8.0 0.0 0.0 Lot 12,2 9.9 5.5



0T-I1

DEVELOFKENT
PRODUCTION

TOTAL

DEVELOPVENT
PRODUCTICN

TOTAL

NEVELOFFENT
PRCOUCTICON

ToTaL

0.0
0.0

J.0

L= B — )

THF FUNDING RATE (K3/YEAR) VARIES AS SHOWA RELCW,
FUMDING RATE REQUIRED AT THE INDICATEN TIMF

FUNDING PEOUIREMENTS FCR EL 12

TTME (YEARS)

2.0
.9 0.0 8.6
0.0 0.0 0.0
0.9 0.0 38.6

THE NUMPERS REPRISENT THE
(SLCPE OF THe! CUMULATIVE COST CURVE).

2.5 3.0

: 98.8
2.0 0.0 3.0

95.8

THE TOTAL FUNDING REOUIREN (NUMULATIVE TOSTS IN K3) IS SHOWN RELQW, THE
NUMBERS REPRESEINT THE GUMULATIVE CGSTS AT THE IMDICATED TIME.

TIME(YEARE)Y

Ze0
0.9 0.0 3.5
0.0 .0 0.0
0.7 2.0 2.8

THE DUARTERLY FUNDING REQUIRED (K¥Y TS SHCKN BELOM,

f.5

=N -

[ =]

[

TIME{YEARS)

2.0
0.0 0.0 .5
0.1 9.9 0.0
0.0 0.0 345

2.5 3.0
21.10 500 79.0

0.0 0.0 0.0
21.10 50.0 79,9

THE NUMBERS REPPESENT
THE COLLARS SPENT IN THME PRECFLIMG THREE FCONTH PERIND.

17.4 29.06 29.0
Dot 3.0 0.0
1744 ?9.0 29410

556.1

55641

151,

o &

151 .4

T2.4

T2.4

E17.5
hg.“

566.93

207.0
5.2

212.3

15G.¢
5.2

160.8

0.0
825.4

825.4

36240
116.8

LT&.8

5E.0
111.5

166.5

362.10
219.0

581.0

G.0
102.2

102.2
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FUNRING RECUIREMENTS FCR EL 26

THE FUNDING RATE {K$/YEAF) VARIES AS SHDWN BELCKW. THE NUMRERS REPRESENT THE
FUNAING RATE REAUIRED AT THE INDICETEC TIWE (SLOPE OF THE CUMULATIVE COST CURVE).

TIME{YEARS)
0 0.5 1.0 1.8 2.0 2.5 3.0 3.5 4.0
DEVELDFYENT 0.0 0.0 0+0 0.0 0.0 0.0 0.c 0.2 G20 135.0 365.7 0637,5 3645,7 856.0 72140 0.0 el
PRODUE TION 0.9 0.0 0.9 6.0 3.0 1.0 0.0 Bt 8.0 8.0 0.9 0.0 6.0 0.0 SB.8 Q6.8 G,0
TOTAL 0.0 0.9 6.0 g.0 0,0 8.0 8.8 0.7 0.0 135,08 3W5.7 437.5 345.7 856.0 819,83 306.8 G.0
THE TOTAL FUNDING REQUIRED (CUMULATIVE COSTS IN K3) IS SHOWN RELOW. THE
NUM3ERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED TIME,
TIME(YEARS)
» 0.5 1.9 1.% 2.0 245 3.0 3.5 4.0
DEVELOPMENT 0.0 0.1 0.0 0.0 0.0 0.0 0.0 8.0 0,0 1246 7345 175,0 276.5 41h,2 €38.4 715.0 715,0
PFODUC TICK 2.0 0.0 0.0 0.0 0.0 3.0 0.0 .9 0.0 0.0 0.0 0.0 0.0 0.0 1045 £5.5 102.0
TOTAL 0.0 8.0 0.0 6.0 2.0 8.0 0.8 0.0 2.0 1744 T35 175.0 276,5 414,2 £48,3 TE0.5 817.0
THE OUARTERLY FUNDING REQUIREN (K$Y TS SHCWN EELOW. THE NUMPERS REPRESENT
THE DOLLARS SPENT IN THE PRECEDING THREE FCNTH FERIND.
TIME (YEARS)
0 0.5 1.9 1.5 Z.0 2.5 1.0 3.5 4.0
DEVELOF ¥ENT 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.9 0e0  12.4 ©1.0 101.5 101.5 137.6 2242  T€.6  Dal
PRODUC TION 0.0 8.0 0.3 0.0 0.0 3.0 0.8 0.9 0.0 0.0 D.0 8.0 . 0.0 0.0 18.5 55.0 36.5

TOTAL 0.9 0.8 .0 9.0 0.0 3.0 0.0 0.2 0.0 <12.h E1.9 1C1.5% 101.5 137.6 234.7 131.¢ Ib.5



OEVELOPFENT
PRODUETIDN

TOoTAL

DEVELOFFENT
PRODUCTION

TOTAL

DEVELOFYENT
PROOUCTICN

TOTAL

fm 38 - 3
..
(=]

3.0
u.n

THE FUNDING RATZ (K$/YEARY VARIES £S SYOWN BELCW,.

FUNDING

RECUIREMENTS FCR EU 31

THE MN!MBERS REPRESFNT THE

FUNDING RATE REQUIRED AT THE INDICHATED TIME (SLOPE OF THr CUMULATIVE COST CURVE) .

THE TOTAL FUNDING

THE QUARTERLY FUNDING REQUIRFD (K$1 IS SHCKWN BELOW,

REDUIRED

TIME (YEARS}

Ze0 25
g. Ds0 61.7 158. 0 2G0.0
0.0 G.0 0.0 0.0 0.0
0.3 .0 B51.7 1¢8.0 200.C

(CUMULATIVE COSTS IN K3) IS SUDWN BELOMW.
NUMBERS REPRESENT THE CUMULATIVE CCSTS AT THE INDICATED TIME,

TIME{YEARS)
1] 2.6
0.2 0.0 5.7 I3.6 B8040
9.0 9.0 0.0 0.0 0.0
0.9 0.0 5.7 13.6 8040

THE DOLLARS SPENT IN THE PRECEDING THREE FCATH £ERIDD.

€ed
0.2

TIMELIYEARS)

2.0 745
0.0 .0 5.7 279 Lbe ke
G 0.9 0.0 0.0 0.1
.9 D40 5.7 ?7.9 4B b

158,84
ﬂ.u

158.90

THE

3.0

126.4
G+0

12644

THE NUMEERS REPPESENT

178.4
0.0

172.%

165%.9
0.0

165.9

108.€
£27.2

135,8

2033,.5
2441

227+6

ot
.
n

3746
24,1

61.7

0.0
383.2

383.2

215.0
110.%

3254

11.5
EBa2

S74E

215.0
1541

36940

43.6



£~

DEVELOFMENT
PROGUCTION

TOYAL

DEVELOFFENT
PRODUC TION

TOTAL

DEVELOPPENT
PROOLCTIONM

TOTAL

0.0
0.0

4.0

12
»
oo

.0

584
0.2

584

FUNAING PECUIREMENTS FCR EU &0

THE FUMDING RATE (K$/YEAR) VARIES 2S SHOWA EELCH. THE NUMBERS REPRESENT THE

FUNDING RATE PERUIREND AT THF IFOICATED TIME (SLCPE OF THE CUMULATIVE COST CURVE),
TIMEL{YEARS)

0.5 1.0 1.t Z.0 75 2.0

192.9 298.7 497.8 125G,1 265€.4 IOLA,A LEIT.E LhUkes 3550.9 2089,7 663.3 0.0
0.0 .0 0.0 9.0 0.0 0.0 0.8 a.n 0.0 LY 1 Bel 51.8

192.9 P298.7 493.8 1254,1 2656.4 3048.8 4€39,5 L4bh.4 3550.9 2089.7 669,5 S1.8

THE TOTAL FUNDING REAUIRED (CUMULATIVE COSTS IN K#) IS SHOHN BELOW. THE
NUMAERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T-IME,

TIME(YEARS)

0.5 1.0 1.6 2.0 2.5 3.0

3.5 4.0

35.5 103.5 209.9 605.4 889.7 1723.8 2813.7 2973.4 4994,.1 5705.2 6061.2 €100.0 6100.0 6100.0 6100.0

9.0 0.0 9.0 0.0 0.4 0.7 G.0 0.0 0.0 g.0 - 6.9

2449 44,2 51.9

35,5 103.5 209.9 &b5.4 889,7 1723.4 281242 397344 4994.1 5705.2 £041,8 6106.9 6174,3 6144,7 61%1.0

THE OURRTERLY FUNDING REQUIRED (K3} IS SHCWN BELOW. THE NUMBERS REPRESENT
THE DOLLARS SPENT IN TME FRECFCING THREE FCATH PFRIOD,

TIME(YEARS)
0.5 1.0 1.5 2e0 2.5 3.0

30t E8.0 106.4 195.6 4B4e3 E34.1 1089.5 116047 1020.8 711.%t 336.0 58,8
B0 g.0 0.0 0.6 0.0 0.0 2.0 0.0 2.0 0.6 & 63

3044 €8.0 108.4 195.6h LB&4.T E34,1 1089,5 1160.2 102D.8 71t.1 336,5 55.1

9.0 0.0 0.0
17.9 1S.4 GeB

17.3 19.4 68



F1-LI

DEVELQFMENT
PRODUC TION

TOTAL

DEVELOFMENT
PRODUCTION

TOTAL

DEVELOFMENT
FROBUCYION

TOTAL

= o
. &
oo

0.0

0.0
040

THE FUNDING RATE (K3I/YEAF) VARIES AS SHOWN BELCW,.
FUNDING RATE ReQUIRED AT THE IMDICATED TIME (SLCPE OF THE

0.0

FUNDING

2.0
0.0

52.0

REQUIRFMENTS FCR EU 472

TIME{YEARS)

1.5 c.0 245

159,3 26T ,4 226542 3I25.2 263.4 159.3
0.0 0.0 G0 0.0 0.3 0.0

159.3 263.4 225.2 326,22 23,4  159.3

THE TOYAL FUNDING RFOUIRED (CUMULATIVE COSTS IN K3) IS5 SHOWN BELOM,
NUMAFRS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T-IME.

THE PUARTERLY FUNDING REQUIRED {K?2) IS SHCWN SELOW,

TIMELYEARS)
1.5 2.0 2.5
3046 Bh,e0 158,7 241.3 316.0 JE9%.4

0.0 049 0.0 £.¢ 0.0 0.0

158.,7 241.3 3106.0 369,04

Tl
©
-

&

8440

THE DOLLARS SPENT IN TME PRECEDING THREE FCNTH FERICD.

TIMEA(YEARS)

1.% 2.0 2o

26.0 E3.4 74,7 82.7 Tilka ¥ 5344
0.6 0.0 8.0 0.0 G.0 0.0
?26.0 53l The? 82.7 T4a 7 534

THE NIMRERS REPRESENT THE
CUMULATIVE COST CURVE) .,

THE

30

95,4
0.0

395 .4

THE NUMBERS REPRESENT

2640
0+0

26.0

150.1
21.1

171.2

L16.0
2.1

L1840

150.1
37.5

18746

1.5

460,10
10.0

470.9

3.5

Y
7.9

S2.1

h?&.ﬂ
26.9

S02.9

22.9

4.0

47649
38.0

51440
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DEVELOFVENT
PROGUC TION

TOTAL

DEVELOFNENT
PRODUCTION

. TOTAL

DEVELOFPENT
PRODUC TION

TCTAL

0.0
00

6.0

0.7
0.0

THE FUNDING

FUNDTHG PEQUIREMENTS FCR EL 50

RATE (KE/YEAR} VARIES BS SHOWN EELCHW,

THE NIMRERS REPRESENT THE

FUMDING RATE RERUIREN AT THWE IVDICITED TIFE (SLCPE NF THS CUMULATIVE COST CURVE).

1€
D43 .0
9.9 0.0
0.0 0.0

TIME(YEARS)

1.0 1.F ZeD 7.5 3.0
0.0 130.% 398,33 €58.4 £17.9 812.,9 €58.4 398,3 130,31 197.5
0.0 n.0 J.0 0.2 0.0 0.0 0.9 0.0 2.0 2141
0.8 130.1 398.3 F¥58.4 E12.,9 B812.,9 6FB.4 298.3 120.1 218.6

THE TOTAL FUNDING REGUIRED (CUMULATIVE COSTS IN K3) IS SHOWN RELOW, THE
NUMBERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T-IME,

0.5
00 0.0
6.8 0.0
0.0 0.0

THE CUARTERLY FUNDING REQUIPFD (K%Y

TIME{YEARS)
1.0 1.5 2.0 2.5 J.0
-0 11.5 Tha 209.9 32647 603.3 7I0.1 923.6
.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1
g.0 11.5 T 209.9 3CE.7 AOZ.3 7I0.1 92346

TS SHCWRN BELOW,

THE NUMBERS REPRESENT

THE DOLLARS SPENT IN THE PRECEDING THREE PONTH FERIOR,

9.5
0.0 D.0
Be3 d.0
0.0 0.0

TIMEA(YEARS)
1.0 1.5 2.0 2.6. 3.0
0.0 11.5 64,9 133.5 18£.8 206.6 136.,8 133,85 64.9 32.6
9.0 2.0 n.0 040 0.0 20 0.0 0.0 0.0 241
3.0 11.5% 64,9 133.5 18€.8 206,86 176.8 123.5 64.9 35.6

I8 4.0
197.5 0.0 Ue0
37.5 25.1 B+0
235.0 25.1 0.0
3.5 4.0

988.5 1021.0 1079.0 11006.0 1100.0

10.10 18.4 21.90

98685 1023.1 11789,0 1118.4 1121.0

3.5 4.0

58.0 Z1.0 0.0
T3 By 246
Eb.0 2944 246
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FUNGING RECUTREMENTS FCR EU 51

THE FUNDING RATE (K$/YEAR) VARTES AS SHOWM BELCW. THE NIMAERS REPRESENT THE
FUNDING RATE REANUIRED AT THE INNIGETED TIME (SLOPE OF THI CUMHLATIVE COSY CURVE} .,

TIME{YEARS)
0 0.5 1.9 1.5 2.0 245 2.0 3.5 4.0
NEVELCFVMENT 0.0 0.1 .0 0.0 00 J.0 0.0 0.0 0.0 9.6 ZheT 31.2 Z4aT 17346 1E4.0 0.0 0.0
PRODUCTICN 0.0 0.0 0.0 0.0 6.9 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 5.9 69.9 0.0
TOTAL 0.8 8.0 0.9 0.0 0.0 d.0 D.C 0.0 0.0 9.6 PhaT 31.3 24,7 173.86 169.9 £9.9 Del
THE TOTAL FUNDING REODUIRED (CUMULATIVE €0STS IN ¥3) IS SYOWN SELOW, THE
MUMBERS REPRESENT THE CUMULATIVE COSTS AT THE INOICATED T-IME,
TIME(YEPRS)
| 0.5 1.0 1.5 2.0 2.8 3.L 3.5 4.0
DEVELOFVENT .0 0.0 0.2 0.0 0.0 B0 0.0 0.0 0.0 9 5.2 12,5 19,8 41.5 S0.6 3$068.0 108.0
PRODUCTIQON 040 B.f G.0 0.0 .0 .0 0.0 a0 0.0 0.0 0.0 D.0 g.0 0.0 ] 10.% 19,0
TOTAL Cal .0 0.0 0.0 0.0 0.C 0.0 0.0 2,0 « 9 5.7 1245 19,8 41 .5 94.2 118.4  127.0
THE OUARTERLY FUNDING RECUIRED (K%Y IS SHCWA BELOW. THF NUMPERS REPRESENT
THE COLLARS SPENT IN TME PRECELTING THREE MCKTH FERTOOD,
TIMEIYEARS)
1] B8 1.0 1.5 2.0 T 5 3.0 Z.E 4.0
DEVELOFWENKT 0.0 0.0 0.7 0.0 1.0 0+0 0.0 0.1 0.0 +9 bals Ta2 7.3 21.+8 49.0 174 G.0
FROODUC TION 2.0 0.0 G0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 ] 9,7 8.6

TOTAL 0.0 .0 Ga0 0.0 0.6 9.0 1.0 0.0 Ja0 «9 bole 7.2 T3 21.8 4947 27.2 .6
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DEVELQFFEKY
PROODLCTION

TOVAL

DEVELOFPMENT
PRODUCTICN

TOTAL

DEVELOFMENT
PRCOUCTICH

TOTAL

0.0
040

0.0

-
0.0

.S

0.0

«5

THE FUNDING RATE {K$/YEAR} VARIES BS SHOHN AELOH,

FUNDING RECUIREMENTS FQR EU &0

THE NJSMEBERS REPRETENT THE

FUNDING RATE RENUIRED AT THE IKDIGCATED TIME {SLOPE QF THT CUMULATIVE COST CURVE),

19.3
G.0

19,2

29.9
0.0

9.9

49, 4
0.0

49,4

59.1
9.0

59.1

TIME(YEARS)
1.5 2.0
62,5 59.1 49.4 107.0
0.0 0.0 0.0 0.0
6245 5%.1 49.4 197.0

245

2164 R
u.n

216.8

255.8
G0

255.8

THE TOTAL FUNDING RENUIRED (CUMULATIVE COSTS IN ¥2) IS SUONN BELOW.

NUMBERS REPPESENT THE GUMULATIVE COSTS AT THE INDRICATED T-IME.

1.0

21.0
n.u

21.0

34.7
0.0

34.7

TIME (YEARS)
1.F 2.0

50.0 7%.0 6.7
0.0 0.0 0.0 t.0
50.0

79.10 96.7

1384

199.5

3.0

197,85
+£

198.1

THE

THE QUARTEPLY SUNDING REQUIRED (K$¥ IS SHCRN BELOW, THE NUMRERS REPRESENT

THE DOLLARS SPENT IN THE PRECEDING THRET MCATH FERTOD,

1046
0.0

in.&

13,7
n.u

13.7

TIME(YEARS)
1.5 2.0

13.7 17.7
0.0 k.0 0.0 0.0

13.7 17.7

N
.
[V

41,7
0.0

4le7

Bl.1

61.1

555
ol

G8.¢€

77.2
22.5

99.6

292.9
2.“’

295.3

34,9

3.2

300.0
12.8

312.8

?'I
144

17.5%

41.5

41.5

300.0
26.8

32648

0.0
14.0

14,0

300.0
3.0

331.0
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DEVELOFMENT
PRODUCTICN

TOTAL

DEVELOFMENT
PRODUGTICN

TOTAL

DEVELOFFERT
PRODLCTION

TOTAL

0.0
0.0

.
-~

[— T — I ]
=

FUNDING RECUIRFMENTS FCR EU 61

TIMEC(YEARS)

0 0.0 5.0 0.0
0.0 Ca0 B.C 0.0 0.0

8.0 n.0 0.0 0.0 0.0

FIME(YEARS)
1.5 2.0
0.0 0.0 0.0 2.0 0.0
a.0 0.0 0.0 0.0 0.0
3.0 6.0 0.0 0.0 .0

THE OUARTERLY FUNDING REQUIRED (K$) IS SHCKN BELOW.
THE DOLLARS SPENT IN THS PRECEDING THREE FCNTH FERIOD,

TIME(YEARS}
1.¢ 2.0
Ba0 0.0 0.0 0.0 0.0
9.0 .0 049 0.0 0.0
0.0 G.0 0.0 0.1 0.0

THE FUMDING RATE (K$/YEAP) VARIES AS SHOWA BELCH., THE NIMAERS SEPRESENT THE
FUNOING RATE RENUIRED AT THE INDICATED TIVF (SLCPE OF THI CUMULATIVE COST CURVE).

3.8
ulo U.u
0.0 0.0
0.0 0.6

THE TOYAL FUNDING REQUIRED (CUFULATIVE COSTS IN K$) IS SHOWN BELOW. THE
NUMBERS REPRESENT THE CUMULATIVE COSTS AT THE INODICATED T.IME.

3.0
g.0 0.0
g.0 d.0
B.0 0.0

THE NUMBERS REPPESENT

3.0
g.0 6.0
9.0 3.0
0.0 0.0

(=%
(=]

\n
Y]

55,3
3.0

55.3

2241
Da0

22.1

2840
2.5

38.5

5.8

2.5
L]

ﬁlo
2.5

2.5
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DEVELOFFENT

PRODUC TION
TOTAL

CEVELOFMENT
PRODUCTICN

TOoTAL

DEVELOFFENT
PRODUCTICN

TOTAL

0.0
0.0

00
0.0

0.0
0.0

0.0

Q.0
aoﬂ

THE FUNDING RATE (KE/YEAP) VARIES FS SHOWN BELCW.

FUNOING RECUIREMENTS FCR Su 70

THE NUMRERS REPRESENT THE

FUNODING RATE REAUIRED AT THE INDICATED TIME (SLCPE OF THS CUMULATIVE COST CURVE) ,

0.5
0.0
.0

0-3

TIME{YEARS)

2.0
0.0 0.0 27.0
0.0 0.0 8.0

0.9 0.0 27.0

?e5

59,1 87.5
0.0 .0

elgﬂi B?‘s

THE TOTAL FUNDING RENUIRED (CUMULATIVE COSTS IN ¥§) IS SHOWN BELOW,
NUMBFRS REPRESENT THE CUMULATIVE CCSTS AT THE INDICATED T-IME.

0.0
G.0

TIME (YEARS)

THE CUARTERLY FUNDING REQUIRED (%$Y iS SHCWN RELOW,
THE DOLLARS SPENT IN THE FRECEDING THRFE MCKTH PERIGOD,

0.0
()

1.0

0.0
2.0

TIMELYEARS)

2.0
0.0 0.0 245
0.0 0.8 2.0

26

14,7 8.0
0.0 G0

14,7 36.0

69‘1
0»0

69,1

THE

3.0

55.3

£S.3

THE NUMBERS REPFESENT

2.5

12.2 20,3
0.0 0.0

12.2 20,3

27 .0
10.%

37.6

67.5
1.0

68.6

0.0
26.7

26.7

7540
Se8

?5.8

0.0
18.4

1844

70.0
12.1

82.1

0.0
6.2

£.2

70.2
14.0

4.0

n.u
1.9

1.9
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FUNDING REQUIPFMENTS FCR EL %10

THE FUNDING RATC (KESYEARY VARIES pS SHOMWN RELCH. THE MIMRERS PEPREFENT THE
FUMBTNG RATE REOUIRED AT THE INDICERTED TIME (SLCPE DF THE CUMULATIVE COST CURVE),

TIME (YEARS)

0 0.kt 1.0 1.5 2.0 245 3.0 2.5 4,0
DEVELOFFMENT 0.0 0.0 0.0 0.0 0.0 «0 .0 0.0 0. 9.0 0.0 0.0 0.0 2004.9 2004.9 1.9 filed
PRODUC TION 0.0 6.0 6.0 0.0 0.0 De0 8.0 0.9 0.0 0.0 040 8.0 .0 0.0 0.0 4OB8.0 0.0

TOTAL 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.C 0.0 200L,.9 2004.9 40B.0 0.0

THE TOTAL FUNDING REQUIRED (CUMULATIVF TOSTS In ¥§) IS SYOWN BELOW. THE
NUMBERS REPRESENT THF CUMULATIVE COCSTS AT THE INDICATED T-IME,

TIMELYEARS)Y

L} 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
DEVELOFMENY 0.0 0.0 0.0 0.0 9.0 0.0 0.0 2.0 0.0 0.0 0.0 0«0 0.0 213.0 302.,0 1015.0 1015.0
PROOUCTION 0:0 8.0 0.0 a.0 g.0 2.0 G.1 0.0 0.8 0.0 0.0 0.0 0.0 G.0 D0 51.0 102.0
TOTAL 8.0 0.0 0.0 0.0 3.0 0.0 G0 0.9 0.0 0.0 0.0 0.0 6.0 213,06 802.0 10EE.0 1117.0
THE QUARTERLY FUNDING REQUIRED (X$} IS SHCLRN BELOW. THE NUMRERS REDPESENT'
THE DOLLAPS SPENT IN THE FRECEDING THREE FCKNTH FERTOD.
TIMECYEARS)
0 8.5 1.0 1.% 240 245 3.0 1.5 4.0
DEVELOFVENT 0.0 G.0 . 0.9 0.0 0.0 8.0 0.0 0o 0.0 N8 g.0 $.6 213.0 588.3 213.0 Ul
PRODUCTION D0 2.0 G.0 0.0 0.0 0.0 C.0 ODafl 0.0 0.0 0.0 0.6 DG a0 0.2 5140 51.0
TOoTAL 0.0 0.0 D.2 0.0 G.0 0.0 a0 0.3 0.0 8.0 .0 2.2 6.8 213.0 F£83%.9 264.0 51.0
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DEVELOFFENT
PRODUCTION

TOTAL

DEVELOFFENT
PRODUCTION

TOTAL

DEVELOFFENT
PRCDLCTIGN

ToTAL

0.0
w0

THE FUNCING RATE {KE/YEAR)
FUNOBING RATE RENUIRED AT THT INMATCATED TIME (SLOPE QF THY CUMULATIVE COST CURVE)D.

VARTES AS SHOWM FELCH.

(] [N}
. »
[-- N~}
[N
L= =)

(=]
=

THE QUARTERLY FUNDING REQUIRED (K%}
THE COLLARS

FUNDTNG RFPUIREMENTS FOR EL A1

TIME(YFARE)

THE TOTAL FUNDING REAUIRED (CUMULATIVE COSTS IN «$%) IS SHOWN BELOW,.
NUMBFRS REPRESKENT THE CUMULATIVE COSTS AT THE INDICATED TIME.

TIME{YEARS)

0.9 0
0.0 0.0 [
0.0 9.0 0

IS SHCKN BELOW.

TIME(YEARS)
2.0
«0 0.0 t.0
% D0 C.0
0.7 0e0 0.0

THE MIMRERS REPRESENT THE

THE NUMBERS REPRESENT
SEENT IN THE PRECELOING THREE #CNTH FERIOD,

35.9
0.0

35.9

35.9

35.9

3.5

337.8
olﬂ

137.8

3’5

135.1
0.0

135,.1

8.0
212.0

212.¢

171.0
26.5

197.5

5.0

2€.5

€244
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DEVELOFMENT

PRODUCTION

TovaL

DEVELOFFENT
PROQUCTYION

TOTAL

DPEVELOFFERT
PRODUCTTION

TOTAL

0.0
040

THE FUNDING RATE (K$/YEAR} VARIES AS SHOWK BELCM.

FUNDING REQUIPEMENTS F(P £( O3

THE MIMRERS PEPRISENT THF

FUNDING RATE REQUIRED AT THE IMDICATED TIFME (SLOPE OF THS CUMULATIVE COST CURVE),

TIME(YEARS)
Z.0
0.0 3.C 11.6
2.0 0% 0.9
0.5 0.8 11.6

THE TOTAL FUNDING REDUIRED {CUMULATIVE TOSTS IN KE) IS SHOWM BELOW.

NUMRERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED TIME.

0.0
0.0

0.0

TIME(YEARS)
2.0

0.0 1.1
0.0 0.0

THE DUARTESLY FUNDING RENUIRED (KF} IS SHCWN BRELOW.
THE COLLARPS SPENT IN THE FRECEDING YHREE KFCNTH PFRTOD,

0.3
040

TIME(YEARS)

Elu
0.7 .0 1.1
0.9 0.9 .0
0.0 B.0 1.1

THE

23.7
0.0

23.7

THE NUMRERS REPRESENT

31.0
0.0

31.0

37.9
l"’

35.3

40.0
Ze1

4241

Us0
B.o

4340

0.0
Ig

.9



£g-I1

YEAR

DEVELOFMENY FUNDING RATE
PRCOUCTION FUNDIWG RATE
TCTAL FUNEING RATE

CUMULATIVE DEVELOPMENT COSTS
CUMULATIVE PRODUCTION COSTS
TCTAL CUMLLATIVE COSTS

OUMRTERLY CEVELOPMENT COSTS
OLARTERLY FRONDUCTION COSTS
TCTAL CUARYERLY COSTS

YR

DEVELOFMEKT FUMDING RATE
PRCOUCTICK FUNDENG RA1E
TCTAL FUNEBING RATE

CUMULATIVE DEVELOPMENT COSTS
CUFMULATIVE PRODDCTION COSTS
TCTAL CUMULATIVE COSTS

QUARTERLY DEVELOPNENT COSTS
QAUARTERLY FROOUETTON COSTS
T{TAL QUARTERLY COSTS

-

7252.5
I70.2
TE22.8

15327.1
420.6
1574746

2078.8
Te.2
2151.0

PAYLNAER TOTALS

L . » ?‘.
194.2 bil.% 12¢4 .4 23315 .4
B.0 0.C 0.9 G0
194.2 810.% 1284.% 2335 .4
17.1 15,5 Tu9,7 808.2
0.9 LLEgH 044 0«0
17.1 115.% 49,7 ana.z2
17.1 98,3 234,7 453,565
Ca 0.C 0.0 0.0
17.1 93.7% 234,73 4%8.5%

PAYLOAD TOTALE® (CONTIMUED)

re . , .

63702 4L752.5 3162.9 23I0€.E
24L3.3 53543 2475 425,5
€61b.0 5287 8 36140.3 I732.2

17080.9 18465.5 19466.7 2023€.9

489.8 596.1 EST.7 Tr4.2
17570.7 19061.6 20154.% 21010.38

1753.8 1384.7 1000.7 769.6
69.3 106.2 91,E 8E .46
1823.0 1491.0 1092.3 256.1

.

SRO5 .0

0.

5806 .4

1796 o+
0.0
1796 .4

GEB LT
Cac.
968.7

A4

2197.7
1522.¢%
IT20.7

20980.7
999.0
219E0 .5

Thi W8
22540
70 .

8281.0
0.0
B281.40

I6A1,2
0.0
I68t,2

1884.8

1564L,8

1193.7
2922.9
4116.6

2134444
160845
229%2.9

363.7
60&8.7
972.4

R7042.4
408,06
9150.4

5769.5
S1.0
582045

208843
51.0
2139.3

1135.8
125.4
1261.2

21683.3
1962.3
2I645.7

339.10
353.8
622.8

75

2E3%.4
162.7
1007746

8149,2
117.1
B8ZSELY

2379,%
66,1
2h45.¢

8.0
612.8
E12.8

21804.0
2058.5
23862.5

120.7
96,2
216.%

1962¢.2
7h5.9
11192.1

10696 .9
23¢e.0
10932.9

2547 .6
118.9
2B6E. 4

2180440
2133.0
23937.0

B.0
Th.5
4.5

9394.9
162.9
95873

13246.3
J48.3
13596.7

2551.5
112.3
26€3.8



TABIE III-2

COST DISTRIBUTION DATA FOR
THYE INDEPENDENT DEVELOPMENT
OF THE DEDICATED 7-DAY LABORATORY
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DEVELOFMENT
PRODUCTION

TOTAL

DEVELOFFENT
PRODUCTION

TOTAL

DEVELCFMENT
PRODUCTICK

TOTAL

-}
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FUNDING REQUIPPMENTS FCR EU 1

THE FUKRDING 2ATF (KE/YEAR) VARICS PSS SHOWM PELCW, THE NUMBEPS REPPESENT THE
FUMAING RATE RENUIRED AT THE INDICATEN TIME (SLCPE DF THE CUMULATIVE COST CURVE) .

TIME (YEARS)

0.5 1.0 1.% 2.0 . T.5 3.0 3.5 bell
175.1 578.7 B96.7 1431.% 1811,3 1994,5 1969.8 1725.3 1275.,1 1121.9 732.1 384L.7 413,5 £278.5 0.9 0.0
0.0 0.0 0.0 0.0 0.0 0,0 0.9 0.0 0.1 0.0 0.0 92,2 312.8 829.h4h 11€4.2 8.0
175.1 S78.7 B£96.2 14581.5 1811.3 1994.5 1969.8 1725.2 1275.1 1121.9 732.1 47649 7T26.4 1107.9 1164.2 G.0
THE TOTAL FUNDING RENUIRED (CUMULATIVE COSTS IN K%} IS SUOWN RELOW. THE
NUMBERS REPRESENT THE CUMULATIVE COSTS AT THKE INDICATED T.IME,
TIMEC(YEARSY
0.5 1.0 148 240 245 3.0 3.5 440
15.3 106.5 310.5 629,6 1043.2 1522,9 2023.1 2489.4 2882.9 32%4.,0 3426,.8 3573.1 3667.2 3761.4 3I791.0 3791.0
0.9 0.1 B0 0.0 0.0 0.0 0.0 G.0 0.0 Ge0 0.0 8.7 5840 198.6 471.3 603.0

15,3 106.5 JF10.5 629.6 1043.3 1522.9 202%.1 2489.4 2B82.9 F234.0 3436.6 2581.8 3726,1 3SE0.0 42€2.3 43%4.0

THE CUARTERLY FUNDING REQUIREQ (XF) IS SHCWN BELOW. THE NUMRERS REPRESENT
THE DOLLARS SPENT IN THE FPRECFDING THREE MCATH PERTOD,.
TIME{(YEARS)
0.5 1.0 1.5 20 745 3.0 345

15.3 91,2 204s1 3I19.1 413.,7 479.6 FE00.2 LEEB.I 393
o

5 321, 232.8 136.3 94 .1 94,2 29.6
0.0 0.1 0.0 0.0 9.0 .0 t.2 0.0 0 0

1
.0 0.9 8.7 49,3 140.6 272.7
15.% 91.2 206.1 319.1 413.7 479,6 500.2 4FE.3F 393.5 321.1 232.8 145.0 143.4 234.8 302.3F

4.0

Uel
131.7

131'7



DEVELOFFENT
PRODUCTION

TOTAL

9z~

DEVELOFMENT
PRODUCTION

TOTAL

GEVELOFMENT
PRODUCTION

TOTAL

0.0
040

THE FUNDING RATE (KE/YEAF) VARIES RS SHOWM BELCM,.

FUNDING

REMITREMENTS FCR EL 2

THE NUMBERS REPRESENT THE

FUMDING RATE REAUIREN AT THE IMOTICATED TIFME (SLCPE OF THT CUMULBTIVE COST CURVED.

0.5

(=]
* w
[~ N=3

0.0

TIME(YEARS)

2.0 7.5
0.0 0.0 63,7 163.0
0.0 0.0 0.0 0.0
0.0 0.0 63.7 163.0

3.0
206.3 163.0
0.0 B.0
206.3 163.0

THE TOTAL FUNDENG REAUIRED (CUMULATIVE £OSTS IN ¥3) IS SHOWN BELOW. THE

NUMAERS REPRESENT THE SUMULATIVE CCSTS AT THE INOICATED TIME.

1,5

0.0
Ge0

TIME(YEARS)

THE DUARTERLY FUNDING RENUIRED (KEY IS SHCRN RELOW.
THE DOLLARS SPENT IN THE PRECEDINTG THREE rFCNTH PFRIOD,

TIME(YEARS)

2.0
0.7 0.0 549
0.0 0.0 0.0
(L 1.0 B.9

Thab
0.0

The 6

3.8

§2.5 130.4
0.0 0.0
82.5 130.4

THE WUMRERS REFRESENT

3.0

L7.9 47.9
.0 2.0
47.9 47.9

472.5
2.8

472.5

202.6
0.0

20246

72.2

72.2

408.9
24649

€£55.8

3.5

128.6
26.2

354,.8

3.5

126.9
2642

162,2

U.ﬂ
8686.9

886.9

3T2.0
1768.82

S50.8

L3.4
152.5

196.C

372.0
285.10

657.0

4.0

Uall
106.2

106.2



L7

DEVELOFMENT
PRODUCTION

TOTAL

DEVELOFMENT
PRODUCTICN

TOTAL

NEVELOFFENT
FRONDUCTION

TOTAL

.0
W0

0.0

— R
. =
=)

0.0

THE FUNDING RATE (KE/YEAF)

FUNDING

RENUIRFMENTS FCR EU %

VARIES #S SWOWN RELCW.

THE NUMRERS FREPRETENT THE

FUNNING RATE RENUIRED AT THE INDICATED TIME (SLOPE OF THT GUMULATIVE COST CURVE),

TIME(YEARS)

1.t 240 2.5

95.6 158,00 195.1 195.1° 158.0 95.6
e.0 0.0 0.0 0.0 1.9 0.0

95,6 158,10 195.f 195,11 166.0 9546

THE TOTAL FUNDING REDUIRED (CUMULATIVE COSTS IN ¥$) IS SHOWN RELOW.
NUMBERS REPRESENT THE GUMULATIVE COSTS AT THE INDICATED TIME,

2.8
Goo

2.6

TIME(YEARS)
1.5 2.0 7.5
18.3 S04 €S,.2 140,8 189.,6 221.7

0.0 B0 0.0 0.0 0.0 0.0

18.3 S0.4 GE,2 145,8 179,86 221.7

THE

THE NUARTERLY FUNDING REQUIRED €KEY IS SHCWN BELOW, THE NUMPERS REPPESENT
THF DIOLLARS SPENT IN THE PREGEDING THREE FCNTH PERIOD.

2.8
3.C

TIME(YEARS)

1.5 2.0 2.5

15,5 3242 44,8 49,6 LUheB 32.8
g.0 LN .0 G.0 g.0 0.0

15.6 322 byl 8 49.6 iy A 2.0

£13.8
33.8

84T+ B

813.3
60.0

873.8

3,5

56545
16.0

581.5

3.5

2339.1
12.7

5147

u.u
525.8

525.8

652.0
90.2

TL2.2

BE.E
T4.2

160.7

4.0

652.0
155.0

807.0

0.N
Bk.8

ELa8



85I

OEVELOFPNMENT
PRODUCTION

ToTAL

DEVELOFFMENT
PRODUCTICN

TOTAL

DEVELOFMENT
PRODUCTION

ToraL

0.0
fe0

0.0

0«0
040

8.0

140.9
G.0

140.0

12.2
0.0

12.2

CUNDING SECUIREMENTS FCR EL b

THE FUNDING RATE (K$/YEAR) VARIES #S SHOWM BELCH. THE NUMAERS REPRESENT THE

FUNDTNG RATE RENUIRED 4T THE JINDICATET TIME (SLOPE OF THD CUMULATIVE COST CURVE}.

TIME{YEARS)

0.8 1.0 1.5 2.0 245 3.0

463.0 717.0 1185,2 1782.0 2615.,3 3261.4 34€1,2 3I295.% 30:1.9 223646 1139.5

0.9 0.0 1.0 0.0 0.0 B 0.0 G.0 0.9 0.0 2746

4630 T17.0 1185.2 1782.0 2615,3 3261.4 34E1.3 3295.9 30+1.9 2236.6 11671

THE TOTAL FUNDING REQUIRED (CUMULATIVF COSTS Ih K&} IS SHOWN BELOW. THE
NUMRERS REPPESENT THE CUMULATIVE COSTS AT THE INDICATED TIME.

TIME(YEARS)

0.5 1.0 1.5 2.0 £.5 3.0

3.5 t .0

BlB.4 513.€ 0.0 0.
178.2 B5%.,1 609.3 Ja

Q94,7 967.7 609.3 6.0

3.5 4.0

85.2 24Be4 503.7 964,27 1416,0 2£55.8 3I007.0 3868.7 4531.2 5366.3 STHA.O 6011.7 6190.4 6245.0 6245.0

0.9 0.8 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6

25,7 105.4 2%0.3 319.0

85,2 Pu4Bek 503.7 B64,2 1414.0 2155.% 3007.0 3868.7 4631.9 5366,3 5790.6 6037.4 £295.9 6495.3 65640

THE PURRTERLY FUNDING REGUTRED (X$) IS SHChN BELOW. TRE NUMPERS REPRESENT
TWE POLLARS SPENT IN THE PRECEDING THRTE MCNTH FERTOD,

TIME (YEARS)
0.5 1.9 1.5 2.0 2.5 3.0

73.7 183,T 255.3 360.5 545,68 Thi.d EE1,2 BE1.7 823.2 ETu, b 421.6
2.0 00 2.0 g.0 0.3 0.0 0.0 .G .0 J.0 2+6

73.0 1€3,3 255.3 3E£0.5 S49.8 Tul.d BE1.,2 B8B1.7 823.2 BTL.4 424,27

3.5 4.0

223.8 1768.7 54a6 0.0
23.1 79,3 1b4baB 657

2ub.8 258.5 19S.4 Ed.7



g2~ .

DEVELOFVMENT

PRODUCTION

TOTAL

DEVELOFFMENT

PROBUCTION .

TOTAL. -

DEVELOFKFENT
PRODUCTICN

TOTAL

D0
0.0

0.0

58.4
g.0

BBek

Bel

FUNNTING RECUIREMENTS FCR EL 5

THE FUNDING RATE (K$/YEARY VARIES AS SHOMWK BELCW. THE NUMRERS REPPESENT THE
FUNDING RATE RENUIRED AT THE INDICATEDR TIME (SLOPE OF THE CUMULATIVE COST CURVE).

TIME {YEARS)
1.5 1.0 1. Z.0 . 2.5

182.9 208.,7 493.8 729,9 1051.2 1295.7 13€3.€ 1976.8 266 3103.3
0.0 0.9 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0

192.9 298,7 93,8 729.9 1051,2 1295.% 13163.€ 197¢.8 2966.6 3103.3

THE TOTAL FUNDING RETUIRED (CUMULATIVE COSTS Ik K3} IS SHOWN BELOW.

NUMBFRS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED TIME,.
TIME(YEARS)

0.5 1.0 1.5 2.0 245

35.5 103.5 209,9 359,0 581.8 E77.9 1Z14.,€ 1616.4 2249.6 I030.7
0.0 0.0 2.0 G.0 0.0 0.9 0.0 6.0 8.0 0.0

35,5 103.5 209.9 359,80 581.8 B7T2 1214.E 1€16.4 2249.6 3020.7

3.0 3.5 4.0

2208.3 2672.9 18€4,.7 0.0 0.0
61.4 294,3 1233.5 1679.3 0.8

226%9.7 2957.3 302%8.2 1679.3 6.0

THE

3.2 3.5 4.0

I713,0 4288.8 4512.9 5109.0 5169.0
G.8 47.1 229.1 634.5 B823.0

3718.8 4335.8 S140.0 5TLI.5 5932.0

THE OUARTERLY FUNDING REQUIRFD (K$3 IS SHCWN BELOW. THE NUMBERS REPRESENT

THE DOLLARS SPEKT IN THE FRECEDING THREE FCNTM PERTGD.

TIME(YEARS)
0.5 1.0 1.5 240 245

3.4 68.0 106.4 149.1 222.8B 296.2 336
0

«& BO1.8 £23.2 T81.0
0.0 0.0 0.0 0.0 0.0 0.0 ]

0.0 0.8 0.0

30.b 8.0 106.,4 163.1 222,58 226.2 3ITE.E 401.8 673.° 781,90

3.0 3.5 4a9

682.3 675.8 €22.1 198.1 .0
Seb 41.3 18241 405.4 16845

688,1 617.1 B0w,2 603.5 188.5



o8-

DEVELOFMENT
PRODUCTION

TOTAL

DEVELOFFENT
PRODUGTICN

TOTAL

DEVELOFMENT
PRCOUCTICN

ToTAL

0.0
0.0

0.0

THE FUNDING

RATE

FUNDING REOUIREMENTS FCR FU 6

(KEZYEAR)

VARIES AS SHOWM BELCW,.

THE NUMRERS REPRESENT THE

FUNDING RATE REAUIRED AT THE INDICATED TIME (SLOPE OF THE CUMULATIVE COST CURVED.

THE TOTAL FUNDING REVUIRED

(CUMULATIVE COSTS IN K$) IS SHOWN BELOW.

TIME (YEARS)

£.0
0.0 0.9 57.9
0.2 0.0 0.0
0.0 0.0 57.9

NUMBERS REPRESENT THE GCUMULATIVE COSTS AT THE IKDICATED T.IME,

0.0

1.k

0.0
0.0

.0

TIME{YEARS)

2.0
0.0 0.0 5.3
0.6 0.0 0.0

THE QUARTERLY FUNDING REQUIRED (KEY IS SHCWN PELOW,
THE COLLARS SPENT IN THE CERECFCING THREE FCNTR FERIOD.

TIME(YEARS)

2.0
0.9 G0 B3
6.0 0.0 g.0
0.0 0.2 543

2.5 3.4
18,1 187.% 148.1
B0 0.0 0.0
148.1 187.5 148.1

THE

2.5 3.0
31.5 75.0 118.5

0.0 QD G.0

31.5 75.0 118.5

THF NUMRERS REPRESENT

Te5 3.0
2642 43.5% 43.5

9.0 0.0 0.0
26.2 L3.5 43.5

31648
9.0

31%6.6

172.2
0.0

i72.2

S3.7

253.5
9.9

2634

81,3
9.9

Gt,2

0.0
176.8

176.8

281.0
47 .€

328.6

27 .5
37.8

£S.3

4.0

281.9
6840

39,0
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DEVELOFMENT
PRODUCTICH

TOTAL

DEVELOFYENT
PRODUCTTION

TOTAL

DEVELOPMENT
PRODUCTIONM

TOTAL

0.0
0.0

1.0

0.0
0.0

Bt

THE FUNDING RATE {K®/YEAR} VARIES PBS SHOWN BELCH,
FUNDING RATE REANUIRED AY THE INDITATED TINME

FUNDING RFQUIRFMENTS FCR EU 7

1.8
0.0 0.0
n.0 t.0
0.0 0.0

TTME(YFARS)

2.0
.0 0.0 g.0
0.0 9.0 0.0
0.0 3.0 ¢.0

(SLOPE OF THE

THE NIMRERS REPRETENT THE
CUMULATIVE CDST CURVE).

3.0
o0 0.0 43.5
0.0 0.0 0.0
0.0 8.0 43.5

THE TOTAL FUNDING REAUIRED (CUMULATIVE TOSTS IK K¥) IS5 SMOWN AELOW, THE

NUMRERS REPRESENT THE CUMULATIVE COSTS AT THE INNICATED TIME.

1.5
0.0 6.0
9.0 g.0
0.0 0.0

TIME(YEARS)
2.0

0.0 0.0 0.0
0.0 0.0 0.0

o.n 0.0 8.0

THE QUARTERLY FUNDING REQUIRED €KT) TS SHCWN SELOW,

THE POLLARS SPENT IN THE FREGECING

0.5

aa
-

.8

1.F
.48 0.0
B.0 0.0
0.C 00

TIME(YEARS)

20
0.0 0.0 0.0
0.0 G« 0.0
8.9 N.0 0.0

B.0 0.0 baeb
0.0 040 0.0

0.0 0.0 kB

THE NUMEERS REPRESENT
THREE FCKTH FFRIOD,

3.0
0.0 GaD LB
Ga0 Det .0
0.0 0+0 beB

43.5
0.0

43.5

3.5

17.4
ﬂ.u

1744

a0
52.0

52.0

2240
6.5

28.5

ba6
6.5

11.1

LTy

2240
13.0

35.0

“."

0.0
6.5

BeS



A 111

DEVELOFMENT
PRCGOUCTION

TOTAL

GEVELOFNMENT
PRCDUCTION

TCTAL

DEVELQFVMENT
PRODUCTION

TOTAL

& o
S o

0.0

Q.40
Q.10

THE FUMDING RATE (K$/YEAR) VARIES AS SHOWA FELCM.
FUNDIMA RATE REGUIREOD AT THE INMDICATED TIVME (SLOGPE OF THD

FUNDING REOUTIREMENTS FCR L 11

TIMEC(YEARS)
1.0 1.¢ 2.0 245
0.0 0.0 13).,1 398.3 EB58.4 B12.9 £12.9 ESB.G
0.0 5.0 6.9 0.0 0.0 0.0 0.0 0.0
0.0 0.0 130.1 398,3 €58.4 &12.9 B812.9 6GRB.4

THE NUMARERS BEPRETENT THE
CUMULATIVE COST CURVE) .

3.0 3.5 4.0
395.3 130.1 0.0 0.0 0.0 0.8
0.5 0.0 52.7 3.8 4.7 0.0
198.3 130.1 52.7 93.8 B4.7 0.0

THE TOTAL FUNDING REAUIREN (CUMULAYIVE COSTS IN %) IS SHOWM BELOW. THE

NUMBERS REPRESENT THE GUMULATIVE COSTS AT THE INDICATED 1-IME,.

THF
THFE

MUARTERLY FUNDING REQUIRED (X3) IS SHCHWN BELNDW,
DOLLARS SPENT IN THE PRECECING THREE ®CATH FERIQD.

TIME(YEARS)

1.0 1.5 2e0 2.5
0.0 2.0 11.5 Th.4 209.9 3I96.7 RO3.3 TI0.1
0.0 0.0 0.0 0.0 0.0 t.0 d.0 0.0
0.0 0.0 11.5 TELL  209.5 3I%e.? 6D3.F 7o0.1

TIME(YEARS)

1.0 1.% Ze0 2.5

3.0 040 1.5 64.9 T133.5 18€.8 2DE.6 126.8
0.0 J.0 3.8 0.0 0.0 0.8 0.0 .9
0.0 9.0 11.5 64,9 1323.5 186.8 20H.6 156.%

3.0 3.5 4.0
923,6 588,5 1000.0 1000.0 1000.40 1000.0
2.0 (.8 5.2 25.0 48.8 58,0
923.6 988.5 1005.7 1025.0 1046,.,8 10556.0

THE NUMRERS REPRESENT

3.0 3.5 bl
1%3.5 Bhe9 11.5 G.0 2.0 g.0
0.0 .0 5.2 19,3 23.8 9.2



FUNDIANG PECUTIRFMENTYS FCR L 12

THE FUNDIKG RATZ (WR/YTARY VARIES £S SHQWA CELCW, THE N'MPERS PEPRISENT THE
FUNMBING RATE RECUIRED AT THE INAICETEN TIME (SLCPE OF THS CUMULATIVE COST CURVED,

TIME(YEARSY

e 7.5 1.0 1. 2.0 2.5 3.0 3.5 4o
DEVELOF¥ENT 0.0 046 3.2 9.6 J«0 d.0 0.8 0.7 G.0 965 245,99 312.5 24E.S £37.1 590,F 0.0 G.19
PRODUCTION O.0 0.0 e J.0 el 3.0 0.0 0.2 9.0 0.9 d.0 0.0 a0 D.0 148.1 956.1 043
TOTAL 0.0 G0 0.0 0.0 Te g.0 G 0.0 f.D 96,5 2LB.T 12,5 2k6E.9 H387.1 T738.3 9EE.1 0.0

THE TOTAL FUNOIAG RENUIRED (CUMDLATIVE TOSTS IN W) IS SHOWN BELQW, THE
NUFMIERS REPRESENT THE CUMULATIVE COSTSE AT THE IMDICATED T-IME,

A
2
TIME(YEARS)
ft . 0.t 1.0 1.t Z,0 7,5 1.0 3.5 4el)
CEVELOFMENT 0.0 C.0 0. 8.9 | 0.0 0.0 f,1 0.0 B9 3.2.5 125.0 197.5 303%.9 4BB.Z 549,0 549,0
PREDUCTICH 0.0 0en 0.0 3.0 ] 2.0 0.0 g.0 0.0 0.0 D.6 0.0 Dl 0.0 15,7 160.3 277.0
TOTAL red ] 0.0 n.o D.0 1.0 Dol 0.0 0.1 Be@  T2,5 125.0 197.8 293.9 S02.1 T0G.3 826.0
THE NUARTESRLY FUNRING RENUIRFD (€3) TS SHChN BELMAW, THE NIIMRERS REPPESENT
THE COLLARS SPEXNT IN THE PRECI[ING THRSFE SCATH FFRIND,
TIMEL{YEARS)
o t.% 1.9 1.5 2.8 P45 3.0 1,5 4.0
DEVELOFMENT Cel n.0 0.2 0.9 Ta B.0 LG 0an 2.0 8.9 L3,6 72.6 77,5 11€.3 182.4 62,8 Jel)
PRODLGTION £e 0.0 0.1 0.1 e .0 0.0 n.rn Bafl 9.0 Ded 0.0 Jed Dl 1547 144G 116.7

TOTAL 0.0 Cul U.0 0.1 a8 0.C e 0.7 Ga0l B4B 4346 TZe5 72,5 106.3 198.1 207.3 116.7



e~

DEVELOFMENT
FRODUCTICN

TOTAL

DEVELOFFENT
PRODLCTICN

TOTAL

DEVELOFFENT
PRODUCTICN

TOTAL

FUNDING RECUTREMFMTES FCR EU 2R

THE FUNATNG RATE {KE/YEAR) WAPIES £S5 SHOWN EELCH.

FUNNTING RATE REAUIRFT AT THE I+DICATFC TIrE

TIME{YEARS)

THE KIMAERS REPRESERT THS
(SLEPS DF TH:: FUMULATIVE COST CURVED .

.5 1.0 1.% 2.0 BN 3.0
D8 0.0 9.0 g.0 0.0 C.0 0.3 0.0 37%5.0 3wS.7 437.5 3ILu5.7
0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 .0 0.0 .0 0.0
B0 DD d.0 1.0 g.0 0.0 0.1 0sd 175.0 35,7 437,55 3JLG.7
THE TOTAL FUNDING RENUIPED (CUMULATIVE ©OSTS IK K3) IS SHOWN RELOW. THE
NIUMAFRS BEDPRESENT THE CUMULATIVE COSTS AT THE IMPICATED " IME.
TIME(YEARS)
GoF 1.0 1.¢ 240 245 3.0
0.0 Ge? G.7 3.0 0.8 0.0 0.0 0.0 12.4 73.5 175.0 Z7E&.5
0ed 0.0 0.0 N, 0 0.0 .0 0.3 80 0.0 9.0 2.1 be0
6.0 0.0 0.0 G.0 0.0 0.0 6.3 0.0 12,4 73,5 175.0 27€.5
THE NARTERLY FUNDING RENUIRED (K%Y IS SHCWN EELOW, THE NUMRERS REPFESENT
THE DOLLARS SPENT IN THE FRECECING THREE FONTE FFRIODO.
TIME{YEARS)
0.5 1.1 1.% 2.0 s .0
0.2 G0 3.1 L 3.0 GeD 0.7 Da0 1244 1.9 101.5 101.5
0.0 B4l 0.0 20 J.80 Ga0 0.9 0.0 0.0 g.0 G.0 g0
0.0 D.2 n.3 Tai J.0 .0 N7 0.2 12.4 £1.0 101.5 101.%

85E.D
0.0

ESG.0

137.6

Cal
A

721.3
q‘B.a

919.3

€384
1745

EiBed

0.0
306.8

3gB.8

715.0
65.5

TEO.5

T15.0
1020

B17.0
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FUNDING REQUIREFMENTS FCR EL 31

THE FUNDING RATF (K3/YEAR} VARTES AS SHOWN RELCW. THE NUMBERS REPRESENT THE
FUNDING RATE REQUIRED AT THE INDICATED TIME (SLORE OF TH® CUMULATIVE COST CURVE).

TIME(YERARS)

L 0.5 t.0 1.8 Z.0 7?5 3.0 3.5 4.0
DEVELOPNMENT .0 0.0 0.9 0.0 0.0 0.0 0.0 0.7 0.0 61.7 138.9 200.0 156.0 229.6 167.9 Q0.0 0.0
PRODUCTION 0.0 0.0 G.0 0.0 7.0 0.0 ¢.0 6.0 2.0 0.0 0.0 0.0 0.0 0.0 227.2 &43.2 G.0
TOTAL 0.0 9.0 6.3 g.0 0.0 0.0 0.0 0.0 0.0 61,7 158.0 200.0 158.,0 229.6 295.1 443.2 0.0
THE TOTAL FUNDING REOQUIRED (CUMULATIVE COSTS IN K$) IS SHOWN BELOW, THE
NUMBERS REPRESENT THE CUBULATIVE COSTS AT THE INOICATED TIME,
TIME(YEARE)
] 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
DEVELOFMENT n.0 8.0 0.0 0.9 0.0 0.C 0.2 Ded 3.8 5.7 23.6 80.0 126.4 172.,2 227.2 245.,0 245.0
PRODUCTION 8.0 0.0 D.0 G0 Nl G0 0.0 0.9 0.0 0.t .8 0.0 0.0 0.0 24.1 117.9 169.0
TOTAL Oel 0.0 G0 0.0 2.0 0.0 0.9 0.9 0.1 5.7 3.6 80,0 126.4 172.2 251.3 362.9 Gil4.0
THE OUARTERLY FUNDING REOUIRED iK$1 IS SHCHWN BELOW. THE NUMBERS REPRESENT ‘
THE DOLLARS SPENT IN THE PRECEDING THREE MCNTH PERIOQU.
TIME(YEARS)
2 0.5 1.0 1.5 2.0 245 3.9 3.5 4.0
DEVELOFFENRT 0.0 d.0 O 0.0 0.€ 0.0 g0 a.0 0.0 .7 279 Lol 46,4 45.7 55.0 17.8 G.0
PRODUCTICN 0.0 0.2 G40 0.0 0.0 G.C 0.0 0.9 6.0 0.0 2.7 0.0 0.0 6.0 het 93.7 51.1
TOTAL 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 €.7 7.9 LE. 4 LBk 45,7 79.1 111.6 5t.1



9~

DEVELOFMENT
PRODUETION

ToTAL

DEVELOFFENT
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TDTAL

DEVELOFMENT
FRODUCTICH

TOTAL

=
L[]
=

0.0

9.0
020

0.0

=
. w,
ey=1

0.0

58.%

58.4

5.1
G.0

5.1

FUNDING RECUIREMENTS FCR EL &0

THE FUNDING RATE (KE/YEAR} VARIES pS SHOWM BELCW. THE NUMBERS REPRESENT THE
FUNDING RATE REQUIRED AT THE INDICATED TIME (SLCPE OF THD. CUMULATIVE COST CURVE).

TIMEC(YEARS)
9.5 1.0 1.5 2s0 2.5 3.0 3.5 4.1
192.9 298.7 49348 1254.1 2656.,4 30LB A HETT.E Lbbba 4 355:0.9 2089.7 bBHIL3 D8 0.0 0.0 GO
DD 2.0 0.0 0.0 0.0 0.0 0.0 Cel 0.9 0.0 Bt S1.8 81,3 64,1 .0
192.9 298.7 493,8 1254.1 265€.4 324B.B8 4ETIS,5 LOLL4.4 355.0.9 2089.7 6H6L.5 51.8 81.3 Lt 0.0
THE TOTAL FUNDING REQUIRED (CUMULATIVE COSTS IN K$) IS SHOWN BELOW. THE
NUMRERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T-IME.
TIME(YEARS)
0.5 1.0 1.5 240 ° 245 3.0 3.5 4.0
35.5 103.,5 209.,9 405,44 BAG,7 1723.4 2813,2 3973.4 4954.4 S5705.2 €041.2 ©100.0 6100.0 6100.0 5100.0
d.0 f.0 t.0 1.0 0.0 0.0 0.0 0.0 0.9 0.0 +6 6.9 24.48 4.2 51.0
35.5 103.5 2019,9 o05.4 889,7 1723.8 2813.2 3973.4 4Wb4.1 5705.2 6041.8 610€.9 6124.9 B14H4.2 6151.0

THE CUARTERLY FUNDING REQUIRED iKS’ IS SHOKN BELOW. THE NUMBERS REPRESENT
THE COLLARS SPERT IN THE PRECEDING THREE FCKTH PERTOOD.

TIME LYEARS)

0.5 1.0 1.k 240 2.5 3.0 3.5

304 €8.0 106.4 195,6 484,.,3 F34.1 1089.5 1160.2 1020.8 711.1 336.0 58.8 3.7 0.0
0.0 D.0 J.4 0.0 0.0 0.1 3.0 0.0 d.0 6.0 ] 6.3 17.93 19.4

Idab 68.0 106.4 195,56 4B4.3 PB34.,1 1089.5 1150.2 1020.8 711.1 336.5 65,1 17.9 1944
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THE FUMDING RATE (K®/YEAR)} VARIES AS SHOWN BELCH.
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THE NJMBERS REPRESENT THE

FUNDING RATE REAUIRED AT THE INQICATED TIME (SLOPE OF THD CUNMULATIVE COST CURVE).

0.0
9.0

0.0

1.5
0.0 0.0
o.0 0.0
2.0 Ca.0

TIME(YEARS)

THE TOTAL FUNDING REQUIRED (CUMULATMIVE CTOSTS IN K$) IS SHOWN BELOW,

NUMBERS REPRESENT THE BUMULATIVE COSTS AT THE INDICATED i-IME.

0.5

R}
- =
=

THE
THE

1.0

0.0
B.n

2.0

1.5
1.0 D0
0.0 0.0
7.0 0.0

TIME(YEARS)

2.0
0.0 0.0 0.0
0.9 0.9 0.0

0.0
. L]

0.0

0.0
0.0

S S

3.“
‘0.0
0.8

0.0

THE

DUARTERLY FUNDING REQUIRED (K$I IS SMCHN PELOW. THE NUMBERS REPRESENT

NOLLARS SPENT IN THE PRECEDING THREE MONTH PERIOD.

1‘5
0.¢ 0.0
t.0 0.0
ga.0 t.0

TIME (YEARS) .

790.1

790.1

84.0
.0

4.0

B4.0
Ga0

Sha

790.4
8.0

790.14

232.1
B2

232.1

8.0
200.0

200.0

400.0
2%.9

425,0

8,0
25.0

109.0

ﬁ.u
0.0

0.0

LT%

400.0
50.0

450.9
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THE FUNDING RATE (KS/YEAR) VARIES AS SHOWM PELCW, THE NIMBERS REPRESENT THE

FUNDING RECUIRFMENTS FCR EU 47

FUNDING RATE REGUIRED AT THE INDIGCATED TIME (SLOPE 0OF THE CUMULATIVE COST CURVE},.

0.5
0.0
g.0

0.0

TIME{YEARS)
1.0 1.5 2.0 75 30

2 0.0 52,0 159.,3 263.4 329%.,2 3I25.2 26T.4 159.3 5240
0 9.0 g.0 0.0 0.0 0.0 0.0 0eB 0.0 G.0

0.0 0.0 52,0 159.3 263.4 3J25.2 325.2 25¥.4 159,3 52.10

THE TOYAL FUNDING REQUIRED {(CUMULATIVE CTOSTS IN K%) IS SHOWN BELOW. THE

- 8
[= 3~ ]

NUMAERS REPRESENT THE CUMULATIVE COSYS AY THE INDICATED T-IME.

TIHE(YEARS)

1.0 1.8 .0 245 3.0

G.0 0.0 b6 3.6 84,0 158.,7 241.3 316.,0 3Ie9.4 3I9G.4
9.0 f.0 0.0 8.0 0.0 0.0 e.0 9.4 0.0 0.0

0.0 S.0 LY 3046 B4¢0 15847 241.3 3160 T6%.6 3I95.4

THE QUARTERLY FUNDING REQUIRED (K3Z) IS SHCHN BELOW,., THE NUMBERS REPRESENT
THE DOLLARS SPENT IN THE PRECEDING THRSE MONTM FERIOOD,

6.5
0.0
0.0

0.8

TIMEIYEARS)
1.9 1.% 240 2.5 3.0
0.0 g.0 4.6 2640 53,4 The? B2.7 ThaeT £3.4 26.0
0.0 3.0 9.0 0.0 0.0 0.0 0.0 et 0.0 0.0

0.0 D.d 4.6 2E.0 53.4 Tha? 82.7 Plhe? Bl 268

268.6
42.2

3190.8

42845
XY

432.7

3.5

268.6
75.0

34346

.5

50745
29.0

527.5

3.5

78.9
15.9

9443

g.0
h14,2

4ih.2

536.0
82.4

618k

1KY
62.4

2d.

0

4.0

536.0
133.0

663.0
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THE FUNDING RATE (X$/YEAR) VAPIES BS SHOWM BRELCW.

THE NYMBERS REPRESENT THE

FUNOING RATE RECUIRED AT THE INDICATED TIVE (SLOPE OF THZ. CUMULATIVE COST CURVE).

"TIMELYEARS)
0.5 1.0 1.5 Z.0

0.0 130.1 3I98.3 653.4 812.8
0.0 9.0 .0 9.0 0.0 g.0 0.0
130.1

396.3 €58.4 B812.9

812.9

812.9

THE TOTAL FUNDING REQUIRED (CUMULATIVE COSTS IN K3) IS SHOWN BELOW, THE
NUMBERS REPRESENT THE DUMULATIVE COSTS AT THE INDICATED T'-IME,

TIME (YEARS)
0.5 1.0 1.5 2.0

0.0 0.0 0,0 11,5 7.4 209.9 396.7 60
0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 41,5 7.4 209.9 396.7 60

245 3.0 3.5 (Y]
658.% T98,3 138.1 19T7.5 197.5 0.0 0.0
0.0 0.0 0.0 0.8 31.6 E6s3 35.6 0.0
E5B.4 398,3 41306.1 229.2 253.3 35.6 0.0
245 2.0 3.5 4.9

X.3 790.1 923.6 988.5 1821.8 1079.0 1100.0 1100.9
0.0 0.0 0.0 0.0 3.l 15.0 274 31.0
3.3 7001

623,6 988.5 102k.1 109440 1127.4 1131.0

THE OUARTERLY FUNDING REOUIRED (K$I IS SHCWN RELOM. THE NUMBERS REPRESENT
THE DOLLARS SPENT IN THE PRECEDING THREE PONTH FERIODO.

TIMEIYEARS)

9.5 1.0 1.5 Z.0

0.0 .0 (.0 11.%5 640 133.5 186.3 20646 13648 133.5 6h.% 32.5 58.0 21.0 2.0
a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 3.1 t1.9 1244 3.6
0.9 0.0 1.0 11.% 64,9 I33.5 IEE;B PO0E.6  186,8 133.5 bbeQ 35.6 69.9 33.4 3.6

2.5 2.0 3.6 4.0



0~m

FUNDING REGQUIREMENTS FCR EU 51

THE FUNDING RATE (K3/YEAR) VARIES RS SHUWN BRELGW. THE NUMBERS REPRESENT THE
FUMDING RATE RENUIRED AT THE INDICATED TIME {SLOPE OF THY CUMULATIVE COST CURVE).

YIME(YEARS)

0 0.5 1.0 1.5 2.0 25 3.0 3.8 4.0
DEVELOFMENT 0.0 0.0 0«0 B.0 0.0 9.9 D0 0.9 0.0 9.6 24,7 31.3 24.7 173.6 16440 0.0 0.0
PRODUCTIGON 8.0 g.0 0.0 0.9 0.0 0.8 CeO 0.0 0.0 0.8 0.0 0.0 0.0 0.0 5.9 97.9 g.9
TOTAL 0eC 0.0 0.0 0.0 D0 0.0 Gal 0.0 0.0 9.6 247 1.3 24,7 173.6 169.9 97.9 0.0
THE TOTAL FUNDING REQUIRED (CUMULATIVE COSTS IN K%) IS SHOWN BELOW. THE
NUMAERS REPRESENT THE OUMULATIVE CDSTS AT THE INOICATED T-IME.
TIME(YEARS)
L 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
OEVELOFMENT 8.0 8.0 0.9 0.0 0.1 8.0 0.0 0.0 0.0 «9 5s2 12,5 19.8 41 .5 30.6 108.0 108.0
PRODUC TION Y] 0.0 0.0 0.0 2.0 0.0 0.0 0.9 G0 g.0 0.0 0.0 0.0 8.0 +5 13.9 2649
TOTAL 80 0.0 0.0 0.8 0.0 2.0 0.0 0.0 0.0 2 5.2 12,5 19.8 41.5 91.2 121.9 134.0
THE QUARTERLY FUNDING REQUIRED (K3} IS SHOWN PELOW. THE NUMBERS REPRESENT
THE DOLLARS SPENT IN THE FRECECING THREE MONTH PERIOOD,
TIMELYEARS)
i} 0.5 1.0 1.5 2.0 7.5 3.0 3.5 4.0
DEVELCFMENT 0.0 g.0 7.0 0.0 0.0 0.0 0.0 8.0 040 +9 el 7.3 T3 21.8 49.0 17.4 5.0
PRODUCTION 0.0 G.0 0.0 6.9 2.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 g.0 0.0 5 13.2 12.1
TOTAL 0.0 0.0 0.1 0.4 0.0 0.0 g.0 € 0.0 «9 bety 7.3 T3 2i.8 45.7 30.7 12.1



1101

DEVELOFFENT
PRODUCTICN

TOTAL

DEVELOFMENT
PRODUCTICN

TOTAL

DEVELOFFENT
PRODUC TION

TOTAL

[N )
- .
o0

00

L
9.0

0.0

FUNDING REOUIREMENTS FCR EU 6O

THE FUNDING RATE (X$/YEAR) VARIES AS SHONWNM SELCk. THE NUMBERS REPRESENT THE
FUNDING RATE REQUIRED AT THE INOICATED TIME (SLOPE OF THE CUMULATIVE COST CURVE),

TIME(YEARS)
0.5 1.0 1.5 2.0 2.5 3.0
19.3 29.9 49,4  59.1 62,5 S59.1 49.4 107.0 216.8 255.8 197.5 7.2
0.0 2.0 9.0 0.0 2.0 f.0 0.0 0.0 0.0 0.0 «6  22.5

19.7% 29.9 9,4 59.1 62.5 59.1 49.4 107.0 216.8 255.8 196,11 99.6

THE TOYAL FUNDING RENUIRED ¢(CUMULATIVE COSTS IN K%) IS SHOWN BELOW. THE

NUMPERS REPRESENT THE CUMULATIVE COSTS AT THME INDICAYED T-IME,

TIME{YERRS)
9.5 1.0 1.5 2.0 25 3.0

199.5 258.0 292.9

5 10.4 21.0 3.7 50.0 653 79.0 g 8oty
] 0.0 0.0 o1 2ely

[
0.0 6.0 0.0 0.0 0.0 0.0 0.
6

3.5 1044 21.0 34.7 S0.0 65.% 79.0 96.7 138.4 199,5 258.1 295.3

THE QUARTERLY FUNDING REQUIRED (K$Y IS SHOWN BELOW. THE NUMBERS REPRESENT
THE OOLLARS SPENT IN THE PRECEDRING THREE FCNTH PERTOD.

-

TIME{YEARS)
0.5 1.0 1.% Z.0 2.5 3.0
3.1 6.8 10.6 13.7 15.3 15.3 13.7 17.7 1.7 £1.1 58.5 34.9
0.0 D.0 0.0 0.8 0.0 0.8 040 c.C 0.9 8.0 1 2.3
3.9 6.0 10+6 13.7 15.3 18,7 13.7 17.7 1.7 61.1 Ed.& 37.2

u.n
5846

58.6

3.5

308.0
12.3

312.3

7.1
10.4%

17.5

0.0
41.5

41.5

30040
26.8

326.8

o
- .
oo

0.0

4.0

300.0
31.0

331.0
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THE FUNDING RATE (K$/YEAR} VAPIES RS SHOWN BELCW.
FUNDTING RATE

NUMBERS REPRESENT

THE DDLLARS SPENT IN
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TIME{YEARS)
1.5 2.0
9.0 0.0 0.0 0.9 0.0
040 0.0 0.0 2.0 0.0
0.0 0.0 8.0 0.0 .0

THE TOTAL FUNDING REQUIRED (CUMULATIVE COSTS IN K%) IS SMOWM ZELOH,
THE GUMULATIVE CeSTS AT THE INDICATED T.IME.

TIME (YEARS)
1,5 2.0

3.0 0.0 0.0 0.0 0.

0.0 0,0 0.0 0.0 0.0

9.0 0.0 0.0 d.0 0.0

THE QUARTERLY FUNDING REOUIRED (X2} IS SHCHN RELOW,.
THE PRECEDING THREE MLATH PERTOD.

TIME (YEARS)

1.5 a8
9.0 0.0 0.0 0.0 0.C
2.0 0.0 0.0 2.0 B0
2.0 0.0 0.0 1.9 0.8

THE NUMPERS REPRFSENT THE
REAUIREN AT THE INDICATED TIME (SLOPE OF THE CUMULATIVE COST CURVEY .

THE

3.0

0.0
ulu

THE NUMBERS REPRESENT

= n
[— T}

wn
-]

[— %, )
LI ]

ow

T
[T+ ]

5.3
0.0

55.3

3.5

22.1

1.0
22.1

16.2

20.0

28.0
245

30.5

LY

28.0
5.0

23.0



DEVELOFMENT

PRODUCTION

ToTAL

-1

QEVELOPKENT
PRODUCTION

TOTAL

DEVELOFMENT
PRODUGTICN

TOTAL

- ]

G.0
0.0

0.9
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THE NUMRERS REPRESENY THE

FUNNING RATE RENUIREDN AT THE INDICATED TIME (SLOPF OF THL CUMULATIVE COST CURVE).

0.0
0.0

0.0

0.0
ulu

1.5
0.0
0.0

TIME(YEARS)
2.0
0.0 g.0 270

D.0 0.0 0.0

0.0 0.0 27.0

?'5

59.1 87.5
0.0 D0

69,1 875

THE TOTAL FUNDING REQUIRED (CUMULATIVE TOSTS IN K$) IS SHOWN BELOW.
_NUMBERS REPRESENT THE OQUMULATIVE COSTS AT THE INDICATED T-IME.

0.5

0.0
0.0

1.0

(.0
0.0

TIMELYEARS)
2.0

0.0 0.0 )
g0 0

=
-
(=]

0.0 0.0 2e

THE DMWARTERLY FUNDING REQUIRED (KE» IS SHCRN BELOW,
THE DOLLARS SPENT IN THE PRECEDING THREE FCKTH PERIOD.

TIME (YEARS)

2.0
0.9 G. 2.5
6.0 0.0 0.0
0.0 0.0 2+5

PS5

14.7 35.0
0.9 0.0

1b.7 35.0

69.1
D«0

69.1

THE

55,2
0.0

55.3

THE NUMBERS REPRESENT

9.-.5

1.2.2 20.3
DD 0.0

1242 20.3

ef.3
2.0

20.3

27.0
10.5

37.6

6745
1.0

68.6

0.0
26.7

26.7

70.0
Se8

?5.8

2e5
448

0.0
18.8

18.4

70.0
12.1

B2.1

40

70.0
14.0

84.0
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9.0
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n.t

0.0
2.0

0.0

THE FUMDTING
FUNMDTHNG

RATC

FUNDING RECUIRFMENTR FCR EL ED

(KE/YEAR)

YARTES ES SHOWM BELCW,
RATE RENUIREND AT THE TNDICETFD TINME

TIME(YEARS)
2.0

0.3 .2
] 6.0

0.0 0.9 0.0

THE
(SLUPE OF THT CUMULATIVE CGST CURVED,

NUMALRS FREPRITENT THE

THE TOTAL FUNODING REQUIRED (CUMULATIVE COSTS IN ¥%) IS SHOWN RELOW.

NUMBERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T-IME.
H

9.0
0.0

0.0

040
040

0.0

TIMELYEARS)

2.0
.39 0.9 0.0
0.7 C.0 6.0
0.0 0.0 0.0

THE QUARTERLY FUNDING REGUIRED }Kﬁ’ IS SHCWN BELOW,

TIME(YEARS)

2.0
0.0 0.0 0.0
0.0 0.0 .0

1.0 5 4.0

0.0 2004.9 2004.9 0.0 g
D0 0.0 8.0 3608.0 0

0,0 200¢.9 2004.3 3608.0 Gs0

THE NUMRERS REPRESENT
THE DOLLARS SPENT IN THE PRESEDING THREE MCNTH PERIOD.

THE
3.0 3.5 bl
0. 213.0 £802.0 1015.0 1015.0
0.0 8.0 0.0 451,00 .902.0
0.0 213.0 802.0 14€6.0 1917.0
1.0 3.5 4.9
G.0 2:3.0 €88.% 21T.6 GeO
0.0 0.0 0.9 451.0 4351.0
0.0 21¥.0 ©S88,3 KEL,D 451,10
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THE NUMRERS REPRESENT THE

FUNDIMG RATE REQUIRED AT THE INDICATED TIME (SLCPE OF THZ CUMULATIVE COST CURVE).

0.0
.0

3.0
2.0

n'u

TIME{YEARS)
1.5 2.0
4.0 G0 «0 g.0
0.0 0.0 (1] 0.0 g.0

3.0
g.0
6.0 0.0
g.0 0.0

THE TOTAL FUNDING REDUIRED (CUMULATIVE COSTS IN ¥3) IS SHOWN BELOW. THE

NUMBFRS REPRESENT THE GUMULATIVE COSTS AT THE INDICATED T.IME.

TIME(YEARS)
1.F 2.0
G.0 0.0 0.1 0.0 0.0
0.0 0.0 0.0 6.0 0.0
B.0 0.0 0.0 0.0 0.0

THE PUARTERLY FUNDING- REQUIREDR (K%Y IS SHOWN BELOW.
THE DOLLARS SPENT IN THE PREGEOING THREE FMONTH PERTOOD.

0.0
u.g

6.9

TIME{YEARS)
1.5 E.0
g.c G.9 0.3 0.0 .0
0.0 t.0 0.9 0.0 0.0

3.0
(.0 0.0
0.0 00
0.0 Ga0

THE NUMBERS REPRESENT

3.0
0.0 9.0
0.0 0.0
UIU BIU

E3l.8
0.0

831.6

884
c.0

88.4

831.6
0.0

831.€

1.5

-l
o
oM
[= N+,

L

Cab
(7]
n
-

1)

ulo
272.0

272.0

421.0
34,0

455.0

B84
Iu,.0

12244

421.0
68.0

489,90
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THE FUMDING RATE (KE/YEAR) VARIFS 2% SHOWK BELCW.
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FUNDING RECUIPEFHMENTS FCF EL 973

TIME(YEARS)

2.0
9.0 3.0 11.6
0.7 D.0 g.0
0.2 8.0 11.6

TIME(YEARS)

2.0
B.D Ba+0 1.1
0.0 0.0 0.0
0.0 0.0 1.1

THE QUARTEPLY FUNDING REGUIRSOD (K$Y IS SHCWN BELOW,
THE DOLLARS SPENT IN THE FRECEDING THREE MCNTH PERIOD.

TIME(YEARS)

2.0
u.u
0.0

6.9 0.0 1.1

2.5

2.9.5
0.0

2946

THE TOTAL FUNDING REAUIRED {CUMULATIVE CGOSTS In ¥3) IS SHOWMW AELOW.
NUMIERS RECRESENT THF CUMAILATIVE COSTS AT THWE INAICATED TIME,

..
=~

L=

oo
-y

THE NUMPERS PEPRESENT THE
CUMULATIVE COST CURVE},

29.6
.0

29.€

THE

THE NUMRERS REPRESENT
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I = s
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=T |
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f

kol

bie
3.9

43.0
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YEAOR

NEVELOPMENT FUNDING =ATE
PRCDUCTION FUNDIMG RAT™
TCTAL FUNTING RATE

CUMULATIVE DEVELOPMENT fOSTS
CL¥MULATIVE FROOUCTION fOSTS
TOTAL CUMULATI¥E DOSTS

QUARTERLY CEVELOPMENT COSTS
OUARTERLY PRODUCTTON COSTS
TCTAL QUARTERLY COSTS

YR

DEVELOFMEMNT FUNDING RATE
PFCOUCTION FUNDING RATE
TOTAL FUNDING RATE

CUMULATIVE DEVEEOPMENT COSTS
CUPULATIVE PRODUCFION COSTS
TOTAL CUMULLATIVE COSTS

OUARTERLY CEVELOPMENT COSTS
DLARTERLY FRONUCTTON COSTS
TOTAL QUARTERLY COSTS

1024441
386.9
16624, 9

19705.2
1412.5
21117.7

2838,2
T6.2
2911.4

PAYLODAD TOTALS

. . . Th
1942 E1da.5 14264.2 2753,¢
0.9 feC c.l 0.0
194,2 B10.% 16 2h .2 E753.E
17.1 115.% 6P .7 8R9.3
0.0 O0et 8.0 0.C
17.1 115.5 Fe2.2 88C.3
17.1 G8.3 ZLB.T7 527.2
.0 T«8 0.0 8.0
17.1 3B..3 Z4LE,7 527.2

PAYLOAD TOTALS {COMTINUED)

76 v . .

92380.0 7039.7 L5648 .9 §832.4
243 .8 67640 L3 97547
9523.8 T715.7 49€3,.,9 €008.1

22216.2 24257.1 25T722.7 2£051.6
1482.8 1605.3 1734.7 1605.5
23699.0 25862.4 2ThBT.4 28757.1

2514.0 2040,.,9 1465.5 11285
70.% 122.5 129.4 170.8
2581.3 21634 1£95.0 129%.7

TIZLWT
Q.
7T3I1.2

2111+
Dar
2111.%

1222.5

1222.5

77

3478 .7
2665.2

144,70

28014,1

2343 .4
T03%58.¢

1162.5
43844
1680.9

10209.0
[
1n3nG.o

LLle.0
0.0
LuUB6. 0

2374.2
0.0
2374.2

.

144246
44B4,9
5927.5%

28539.8
3318,.8
31858.6

525.7
97449
1508.6

11299,.,49
TB08.0
151067.9

T1i2.5
476.0
7588.6

262646
476,10
3192.6

*

1384.7
227.8
1612.5

28951.9
¥862.9
32814.7

412 .1
S4he1
956.2

7"

17160.%
2Lk <
1240744

10249,2
9782
11227.4

2136.F
Ed2.2
3638, 0

-

G0
1168.4
1168.8

29099.0
4063,7
33142.7

147.1
180.8
327.9

13378.¢€
1201.1
13578.¢

13561.7
1168.9
14730.6

3312.5%

196.7
3503.72

T8

[~ ~]
oo

.
.
*

29099.¢
418E.0
33285.0

0.0
142,3
142.3

12417.5
181.7
125€9.2

1687d.0
1338.3
18206.3

3306.3
16744
ILT5.T



TABLE 3

COET DISTRIBUTION DATA FOR
THE, INDEPENDENT DEVELOPMENT
OF THE DEDICATED 30-DAY LABORATORY
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(e 14

DEVELOFVENT
PROODUCTYICN

TOTAL

DEVELOFMENT
PRODUCYION

ToTaL

DEVELOFMENT
PRODUC TICN

TOTAL

FUNDING RECUIREMENTS FCR Fy 2

THE FUNDING RATE (KE/YEALR) VARIES 25 SHOWM BELCH. THF NUMRERS REPRESENT THE
FUNDING RATE RENUIREN AT THE INDICATED TIME (SLCPE QF THZ CUMULATIVE COST CURVE)Y,

TIME(YEARS)

D5 1.1 1.t 2.0 a8 3.0
0.9 0.0 0.0 .0 0.0 €0 0.1 0.8 63.7 163.0 206.3 163.0 L7P,.5
¢.0 0.0 0.0 0.¢ 0.0 0.9 0.0 0.9 0.8 0.0 D.0 0.0 0.0
.0 0.8 9.0 0.0 0.0 G0 0.9 g.0 6.7 163.0 206.7 163,80 472,.5

THE TOVAL FUNDING REQUIRED (SUMULATIVE COSTS IN K8) IS SHOWN BELOW, THE
NUMBERS REPRESENT THE GUMULATIVE COSTS AT THE INNICATED T.IME.

TIMEIYEARS)

0.5 1.0 1.5 2.0

[N ]

o5 3.0

0.0 0.0 0.9 0.0 0.0 g.0 0.9 0.8 5.9 heb 8245 130.4 202.6
0.0 a.0 (%] 0.0 0.0 0.0 g.0 0.0 B.0

0.0 0.9 0.0 0«0 2.0 .0 8.0 1.0 5.9 3446 82.5 130.4 292.6

THE PUARTERLY FUNDING RECUIRED “(K$} IS SHCWN AELON. THE NUMRERS REPRESENT
THE DOLLARS SPENT IN THE PRECEDING THREE FCNTH FERTOD.

TIME(YEARS)

0.5 1.0 1.6 2.0 245 3.0
0.0 2.0 0.0 0.9 8.0 C.0 0.7 .0 5.2 28,8 47.9 47.9 72.2
g.0 0.0 0.9 J.0 0.0 0.0 G.% 0.0 2.0 D.D 0.0 0.0 0.0
5.9 2.8.8 47.9 47.9 72.2

0.0 D.D 040 . 4.0 g.0 0.1 0.0

408,.9
246.9

€55,.3

3.5

128.6
26.2

354,8

126.10
26.2

152.2

£.0
886.9

8EBE.9

372.0
17848

S50.8

1'3 .h
182.5

156.0

4.0

372.0
285,10

85740

4.0

ulﬂ
i0e,2

10642



6101

DEVELOFMENT
PRODUCTIGN

ToTAL

DEVELOFMENT
PRODUC TION

TOTAL

DEVELOFMENT
FRODUCTICN

TOTAL

oo
. »
f=J=1

0.0

FUNOTAG PECUIRFMFNTS FCR EL 1

THFE TUPOING RATE (KS/YEAR) VARIFS AS SHCWA RELCW. THE NUMRERS FEPREFENT THE
FUNDTNG RATE RENUIREN AT THE INOICHTED TIVE (SLCRI OF Tw CUMULATIVE COST GURVED.

TIMEL{YEARS)
0.5 1.0 1.F% Ze 2.5 3.0 3.5 Lol
176.1 578.7 B96.2 1481,5 1811.3 1994,5 1969, 1725.3 1275.1 1121.98 732.1 84,7 413.5 278.5 0.0 .0
1.0 0.0 0.0 0.0 0.0 £.0 8.0 0.0 0.0 R0 0.0 g2.2 312,88 R29.4 1324.2 0.0

175.1 578.7 896.2 1481,5 1811.3 19%4,5 1969.% 1725.3 1275.41 1171.9 7321 476,90 T26.4 1107.9 1324,2 0.0

THE TOTAL FUNDING RENUIRED (CUMULATIVE COSTS IN Kg) IS SHOWN BELOW. THE
NUMARERS RECRESENT THT SUMULATIVE COSTS AT TWE INDICATED T.IME,
TIMEL(YEARS)
0.5 1.0 1.5 2.0 "B 3.0 3.5 4a0

15.3 106.5 310.5 629,56 1043.3 1522.9 2023.1 2489.4 2862.9 3204.0 3636.8 36731 3J6ET.2 3761.4 3791.0 3791.0
0.0 0.3 0.0 3.0 0.0 t.0 0.0 0.0 0.0 G0 0.0 Ba7 58.0 1%8.6 6491.3 B43.0

15,3 106.5 310.5 629.6 1043,3 1522.9 2023.1 247%.4 2882,9 221 4.0 I436.8 581,08 3725,.1 ICE0.0 4282.3 443440

THE PURRTERLY FUNDING RENUIRED (K3r IS SHCWN PELOW. THE NUMRERS RFPRESENT
THF POLLARS SPENT IN THE PRECELING THREE FCNTH PERIOD,.

TIMEL(YEARS)
1.5 1.8 1.5 2.0 245 3.0 3.5 4.0
15.3 81,2 P04.1 31%.4 13,7 470,6 E£00.7 LEE.D 33,6 1.1 232.8 136.3 b .1 ay.2 2S.b GeD
0.0 9.0 0.0 B.0 0+9 0.0 0.0 0.0 0.0 0.0 2.0 8.7 49,3 140.6 292.7 15147

15.3 91,7 20&4.1 319.1 4#13.7 79,6 E00.7 GEE.3 3F97.5 3%l.1 277,8 t45.,0 143.4 234.3 322.3 151.7



T8-III

FUNDING RECUTSEMENTS FCF EL T

THE FUNDING RATE {(K$FYEARY VARIES BS SHOWA BELCH. THE MIMPERS REPRESENT THE
FUNDTHG RATE REAUIRED AT THE IRrNICAYEN TIE (SLOPE OF THT CUMULATIVE COST CURVE].

TIME(YEARS)

L 0.5 1.0 1.8 2.0 2.5 3.0 3.5 4.0
DEVELOFMENT 0.0 9.0 0.0 D.% 0.0 3,2 95.6 358.9 155.1 195.1 17R.0 95,6 31,2 813.8 213.3 0.0 0.8
PROOUCTTON 0.0 8.0 8.0 0.3 0.0 0.6 0.0 0.7 0.0 0.0 0.0 0.0 0.0 33.8 6000 7IT.E D0
TOTAL 0.0 0.0 0.0 0.3 8.0 31.2 95.6 158.0 185.1 195.1 158.0 95.6  31.2 847.6 873.8 733.8 0.8

THE TOTAL FUNDING REQUIRED (CUMULATIVE COSTS IK ¥$) IS SHOMN BELON, THE
NUMBERS REPRESEINT THE GUMULATIVE COSTS AT THE INDICATFD T-IME,
TIME{YEARS)
e 0.5 1.9 1.5 z.0 7.5 3.0 1.5 4.0
DEVELOFKENT 8.0 0.0 0.0 8.0 0.0 2.8  1#.3 50,4 S5,2 14L.8 159.6 221,7 23742 326.5 565.5 652.0 65240
PRODUC TION 9.6 0.0 0.0 0.0 9.0 0.0 0.0 0.0 DD 0.0 0.0 0,0 0.0 3.3 16,0 116.2 207.0
ToTAL 840 0.0 0.0 0,0 0.0 2.8 18,3 50,4 95,2 J4k.8 159.6 221.7 237.2 329.8 581.5 768.2 853,90
THE GUARTERLY FUNDING REOUIREC (K5) IS SHCKN BELOW, THE MUMRERS REPRESENT
THE DOLLARS SPENT IN THE PRECECING THREE FCNTH PERIOD.
TIME (YEARS)
o 0.5 1.9 1.8 2.0 .5 3.0 2.5 4.0
DEVELOFMENT T0.0 0.0 0.9 0.0 1.0 2.6 15.5 32,0 &4 8 49,6 k4,8 32,06  15.€ 89,2 ?233.1 86.5 4D
PRODUC TICN 8.0 0.0 0,0 8,0 3.0 8.0  C.0  Baf 0.0 0.0 0.0 0.0 2.0 3.3 12,7 180.2  9u.3
TOTAL 2.0 0.0 0.0 0.0 8.0 2.8 15.6  32.9 44,8 4%.6 4.8 32,0 15.¢  32.5 E51.7 186.7  90.8



25-I1

DEVELOFYVENT
PROOUCTICN

TOTAL

BEVELOPKENT
PRODUCTION

TOTAL

DEVELOFFMENT
PEODUCTION

TOTAL

146.0
4.0

140.0

12.2
ul"

12.2

FUNDING REPUIRFEMENTS FCR FU 4

THE FUNDING RATT (KS/YEARY VARIES £S5 SHOWN BELQW. THE NI'MPERS PEPPESENT THE
FUNDING RATE RENUEREN AT THE IMDICATED TIME (SLCPE OF THT CUMULATIVE COST CURVE).
TIME(YFARS)
0.5 1.0 1.5 a0 2.5 3,0 3.5 4.0

463.8 T17.0 1185.2 1782.0 2615.3 3261.4 JL4E€1,3 3uafd.6 3452.3 2705.% 1509.9 1059.,9 €12.3 0.0 0.
0.0 2.0 e 0.0 0.0 042 2.0 ¢.0 0.0 Ga0 27.6 204.6 £29.4 1064,.1 0

4R340 T17.0 1135.2 1782.0 2615.3 3I261.4 3J4€1.3 Isul.6 3452,3 2705.3 1537.5 1264.5 1241.8 1064.1 0.0

THE TOTAL FUNDING RENUIRED (CUMUDLATIVE TOSTS TN k31 IS SHOWN BELOW. THE
NUMRERS REPRESENT THE GCUMULATIVE COSTS AT THE INDICATED TIME,
TIMELYEARS)
0.5 1.8 1.5 2.0 5 3.0 3.5 L]

85,2 248.4 503.7 664.2 1414.0 2455,8 3[07.0 3882.0 L770.6 5553.8 F084,.F 6283,9 6EQL.T E670.0 6670.0
0.0 0.0 J.0 8.0 ¢.0 Oef 6.0 G.0 0.0 0.0 246 28.3 1%1.6 361.5 484.0

85,2 PB4B.4 503,7 A6L.2 141&4,0 2555.8 3007.0 3B8327.0 4770.6 5553.8 €0B86.9 6412.1 6736.5 7031.5 T154.0

THE NUARTEZLY FUNDING REQUIRED (X$} IS SHCWN BELOW, THE NUMRBERS REPPESENT
THE COLLARS SPENT IN THE PRECEDING THRFE FCNTH PERIOD.

TIME(YEARS)

0.% 1.0 1.5 Za0 2.5 3.0 3.5 4.0
73.0 163.3 255.3 360.5 549,8 Pul.d 851.2 B7?5,0 A38.6 783.2 6530.4 299.6 221.) £Sa.1 D0
R.n 0.0 7.0 .0 0.0 0.7 .0 ¢.0 0.0 0.0 246 25.7 103.2 23040 12245

73.0 163.3 255.3 3E0.5 S49.8 T4il.3 EE1.2 £F5.0 B830.6 78342 63340 3I25.3 ZF24e4 295.0 12245



DEVELOFMENT
PRODUC TION

TOTAL

B
8

DEVELOPFENT
PRODUC TION

TOTAL

DEVELORMENT
FRCOUCTICN

TOTAL

0.0
0.0

S8.4
0.9

S84

oW
-
=

el

FUNDI#G RECUTREMENTS FCR EL %

THE FUMDING RATE (K$/YEAR) VARIES PS SHOWN BELCY, THE MIMPFRS REPPESENT THE
FUMITNG RATE REAUIRFN AT THF IMDICATER TIME (SLGPE OF TH™ FOMULATIVE COST CUPVE).

TIMF (YEARS)

2.% 1.0 1.5 2.0 7?45 3.0 1.t 4ol
192.9 298.7 493.8 B99.,0 1562,0 2151.3 24Z0.4 3066.3 3216.5 372744 ZHEL.3 2705.7 18E4.T g.0 g.0
D.0 0.0 ;0.0 n.¢ 0.0 0.9 0.0 p.0 0.5 GaC Bl.4 368.2 14L33.3 1822.7 Gel

192.3 298.7 493.48

899,00 1569.0 2151.3 24Z0.4 3066.3 F906.5 3727.% 2522.8 3073.9 3298.6 1822.3 0.0

THE TOTAL FUNDING REOUIRED (CUMULATIVE TOSTS IN K$) IS SHOWN BELOW, THE
NUMIERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED TIME,
TIME(YEARS)
0.5 1.0 1.5 2.0 2,6 3.0 3.6 4.0

5,5 103,5 209.9 374.0 681.1 1150.% 1730,3 2603.7 3294.6 427%.8 5065.1 5670.7 £295.9 6494,0 6494.0
0.0 D.0 D.9 0.0 0.0 0.0 -0 0.0 0.0 9.0 f.8 S4.3 271.5 T24.9 328.0

35,5 10¥,5 209,9 681,1 1T60.,8 1730.73 2403,7 3204.6 4273.8 S070.9 5725.1 6F67.4 7218.9 T4E2.D

374.0

THE CUARTERLY FUNDING REQUIRER (K%) IS SHCWM BELOW., THE NUMRERS REPRESENT
THE DOLLARS SPENT IN THE PRECECING THREE FCNTH FERTIO0.

TIME(YEARS)
0.5 1.0 1.5 £a0 ?45 3.0 3.5 ba.8
I0.4 £A.0 106.4 164.1 3I07.1 46G.7 679,5 £73.4 840,99 ©79,2 7T91.3 B05.6 €25.1 198.1 6.0
0.9 0.0 0.0 0.0 o.0 0.0 0.9 0.0 .l 0.0 5.8 uBe5  217.,2 453.4  P203.1
Zd. 4 BB.0 196.4 164.1 307.4 L&9.7 ©79,5 6734 899,89 479,2 797.1 654.1 B42,3 651.5 20341



¥e-I1

DEVELOFMENT
PROBUGTION

TOTAL

DEVELOPN¥ENT
PRODUCTION

TOYAL

DEVELOFMENT
PRODUCTICK

TOTAL

6.0
0.0

0.0

THE FUNDING RATE (K%/YEAR) VARIES #5 SHOWA BELCWK,

FUNBING PFOUIREMENTS FCR EU 6

THE NUMRERS REPRESENT THE

FUNDING RATE REGUIRED AT THF TNOTCATED TIME (SLOPE OF THT CUMULATIVE €OST CURVE},

[=N—]
[~N—]

L]
[]
-

(=)

o
.
(]

TIME(YERARS)

2.0
0.0 0.0 57.9
0.0 .0 0.0
0.0 0.0 57.9

a5 2.0

14841 197.5
0.0 6.0 0.0

148.1 187.5

THE TOFAL FUNDING REQUIRED {CUMULATIVE COSTS IN K%) IS SHOWN AELON., THE
NUMRERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED TIME.

0.0
0.0

0.0

u'u
g.0

2.0

1.5
0.0
0.0

f.0

TIME(YEARS)

2.0
0.0 0.0 543
0.0 G.0 .0
D.0 0.0 5.3

21,5 75.0 118.5
8.0 3.0 0.0
118,%

1.5 75.0

THE DUAPTERLY FUNDING REQUIRED (K%} IS SHCWN BELOW. THE NUMBERS REPRESENT

THE DOLLARS SPENT IN THE PRECYLING THREE MCNTH PFRIOD,

0.0
DID

0.0

TIMEC(YEARS)

2-“
0.0 0.0 5.3
0.0 0.0 0.0
0.0 g.0 5e3

P.5 3.0
6,2 43.5 3.5

0.0 0.0 0.0
26,2 43,5 43,8

172.2
g6.0

172.2

53%.

o~

53.7

3.5

25345
11.5

265.10

81.3
11.%

92.3

g.0
252.6

252.6

281.0
61.5

342.5

2748
49.9

77l

U.0
0.0

b.u

281.0
91.0

372.0

]
235

29,%



g9-10

DEVELOFFENT
PEODUCTICN

TOTAL

DEVELOFVFENT
PRODUCYICON

TOTAL

DEVELOFFENT
PRODUCTIGN

TOTaL

THE FUNDING RATE (KE/YEAR)
FUMDTING RATE REQUIRED AT THE INDIGCATED TIKE

YARIES BS SHOWN 9FLCW,

FUNDING REOUIRFMENTS FCR EL 7

TIMEI(YEARS)

240
2.4 0.0 g.¢
0.9 g.0 0.0
0.9 0.0 0.0

THE NIMARERS REPRESENT THE
(SLCPE 0OF THT! CUMULATIVE COST CURVE},

3.0
.0 0.8 42.5
de 2.0 0.0
0.0 .0 43,5

THE TOTAL FUNDING REQUIRED (CUMULATIVE TOSTS IN K3) IS SHOMN BELOW. THE

NUM3ERS REPRESENT THE CUMULATIVE CESTS AT THE INDICATED TIME,

TIME(YEARS)

240
0.0 0.0 8.0
0.0 9.0 0.0
Q4.0 0.0 0.0

THE QUARTERLY FUNDING RECUIRFD (K%Y IS SHCWN BEELOW.

TIME(YEARS)

2+0

=

THE NUMBERS REPRESENT
THE DOLLARS SPENT IN THE PRECECING THREE MCATH FERTOD. :

3.“
0.0 0.0 LTT )
0.0 0.0 0.0
0.0 0.0 4.6
3-0
0.C 0.6 4.6
i) 0.0 0.0

“3‘5
0-0

43.5

1744
0.0

174

0.0
Eb4.0

6h.l

22.0

30,0

m &
. =
o th

12.6

2240
16.0

38.0

G.u
de 0

d.0



99~

DEVELOFFENT
PRODUCTION

TOYAL

DEVELQPMENTY
PRODUCTION

TOTAL

DEVELOFMENT
PRODUCTICN

TOTAL

=X

0.0

0.0
0.0

THE FUNDING RATE (K3$/YEAR) VARIFS 85 SHOWN EBELCW.

FUNDING RECUIREMENTS FCR Ed 11

THE MIMOERS REPRESENT THE

FUNDING RATE RECUIRED AT THE INMDICATED TIME (SLOPE OF THE CUMULATIVE COST CURVEY .

130.1

2.0

130.1

E5844

£58.4

TIME(YEARS)

2.0 2.5 1Y

£12.9 B812.9 E58.4 J08,3 130.1

0.0 0.0 0.0 0.0 0.0 0,0
812,9 B812.9 658.4 396.3 130,1

THE TOTAL FUNDING REQUIRED (CUMULAFIVE COSTS IN K4) IS SHOWN BELOW, THE
NUMSERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T.IME,

t.0

209.9

78.8 Z09.9

TIME (YEARS)
2.0 245 3.0

196.7 603.3 720.1 923.6
0.c 8.0 0.0  B.0 0.0 040
2c6.7

603.3 730.1 £23.6

THE QUARTERLY FUNOING RECUIRED (K33 IS SHCWN BELON, THE NUMBERS REPRESENT
THE DOLLARS SPENT IN THME PRECEQING TMREE MCMYH FERTOD.

Iz2.5

64.9 133.5

TIME(YEARS)

2.0 Elg 3.0
18648 20646 15648 17345 640
g.0 0.0 0.0 0.0 8.0 §.0

186,68 206.6 18648 132,65 4.9

3.5 4.0

0.0 0.0 0.0 gd.0
52.7 93.3 84.7 0.0

52.7 93.8 Bl7 0.0

2.5 4.0

988.5 1000.0 1000.0 1000.0 1806.9

E.2 25.10 LB.8 Stell

9B8.%5 1005.2 21025.0 104B.8 1058.0



Lo~

DEVELOFMENT

PRODUCTION
TOTAL

DEVELOPMENT

PRODUCTICON
TOTAL

DEVELOFFEKRT
PRODUCTION

TOTAL

0.0
650

Q0.0

0.0
J.0

THE FUNDING RATE (K$/YEAR)

THE TOTAL FUNDING REAUIRED

o aa
- &
o oo

FUNDTING REQUIREMENTS FCR EU 12

VARIES RS SHOWN PELCW. THE NUMAERS REPRESENT THE
FUNDING RATE REQUIRED AT THE IMDICATED TIME (SLCPE OF THT CUMULATIVE COST GURYE).

TIME(YEARS)Y

2.0
0.0 0.0 96.5
0.0 0.0 0.0

0.0 0.0 96,5

(CUMULATIVE COSTS IN K3) IS SHQWN BELOMW,
NUMBERS REPRESENT THE BUMULATIVE COSTS AT THE INDICATED T-IME,.

TIME{YEARS)

" 2.8
0.0 G.0 8.8
0.0 0.0 0.0
0.7 .0 8.9

THE QUARTERLY FUNDING REQUIRED (K$) IS SHCWN BELOW, THE NUMBERS REPRESENMT
THE DNLLARS SPENT IN TRE PRECECING THREE FCNTH FFRIOD.

TIME (YEARS)

[
¥ =0

(=)
-
=3
[=]
-
[=]
[+ ]
.

£90.6
148.1

738.8

486.2
15.7

50240

3.5

1B2.4
15.7

184.1



89-ITT

FUNOING REQUIRFMENTS FCR EL 28

THE FUNDING RATE (K®/YEAR) VARIES ®S5 SHOWN BELCW. THE NIMRERS REPRESENT THE
FUNDING RATE REQUIRED AT THE INDICATED TIME (SLOPE OF THE CUMULATIVE COST CURVE),

TIMELYEARS)

L] 0.5 1.0 1.8 2.8 28 3ol 3.5 4.0
DEVELOPPENT 0.0 0.6 0.0 0.0 0.0 Oe0 8.1 0,0 13%.08 3465.7 437.5 345.7 1843.7 1708.6 0.0 0.0
FRCOUCTION DD 0.0 0.0 0.0 o.n 0.0 0.0 0.9 6.0 0.0 0.0 0o 2.9 0.0 98.8 7066.8 G 0
TOTAL J.0 8.0 0.0 0.0 8.0 6.0 040 0.0 0.0 135.0 3%5.7 437.5 3IuS,7 1843.7 1807.4 706.8 d.0
THE TOTAL FUNDING REQUIRED {CUMULAYIVE COSTS IN X%) IS SHMOWN BELOW., THE
NUMBERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T-IwWE,
TIME(YEARS)
L 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
DEVELOFFENT 0.0 f.0 0.0 8.0 0.0 9.0 0.0 0.0 0.0 12.4 7.3.5 175,80 276.5 519.1 1033,5 1215.0 1215,0
PRODUCTION 1] 0.0 0.9 0.0 0.0 0.0 Qa0 D0 D0 0.0 0.0 g.0 0.0 0,0 1845 11%5.% 202.0
TOTAL G.0 0.0 0«0 0.0 0.9 0.0 0.0 0.0 0.0 12.4 73.5 175.,0 276.,5 519.1 104440 1330.5 1417.0
THE NUARTERLY FUNDING REQUIRED (K$) IS SHChK PELOW. THE NUMBERS REPRESENT
THE NOLLARS SPENT IN THE PRECEDING THREE ®CATH FERIOD,
TIME (YEARS)
[:§ 0.5 1.0 1.5 240 2eS .0 3.5 4.0
DEVELOPMENT 0.0 G0 0.0 3.0 0.0 D.0 DeD 0.0 0.0 124 1.0 1Ct.5 181.5 242.6 Ei4,3 181.5 G+0
PRODUCTIGN .0 0.0 0.0 040 0.0 0.0 0.8 0.3 0.0 Cal 8.0 g1 G.0 0.0 17.5 10S.¢0 86.5

ToTAl . 0.0 0.3 0.0 B.0 3.0 Go0 g.n 0.8 12.4 640 101.5 401.5 242.6 524.8 2RE.E fB.5



85-Ti1

FUNDTNG PECUIRFHMENTS FCR EL 51

THE FUNDING RATE (KE/YEARY VARIES £S5 SHUMWN BELCW. THE NIMRERS REPRESENT THE
FUNDING RATE REAUIRED AT THE IMNDICATED TIME (SLCPE OF THE CUMULATIVE COST CURVE).

TIME{YEARS)
s 0.5 1.0 1.5 .0 2.5 3.0 2,5 4.0
DEVELOFMENT 0.C 6.9 [T ] 0.0 00 --G.O $.0 0.0 U-D‘ B1.7 158,84 200.0D 158,00 229.6 167.93 0.0 D+0
PRODUCTICON iy ] C.0 t.2 0.0 0.0 0.0 Da.0 0.9 0.0 0.0 0.0 4.0 0.0 0.0 22Ta2 443,2 G.0
TOTAL 0.0 0.2 9.9 0.0 8.0 0.0 0.0 0.1 0.0 61.7 1%8.0 200.0 156.0 229.6 95,1 443.2 0.8
THE TOtAL FUNDING REQUIRED (CUMULATIVE TOSTS IN K§) IS SHOWN BELOW. THE
NUMBERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T-IME.
TIME(YEARS)
] 9.5 1.9 1.5 2.0 2.6 3.0 3.5 4.0
DEVELOFMENT pid 0.0 0e0 040 0.0 0.0 0.0 0.0 0.0 5.7 3.6  BD.0 126.4 172.2 22742 245.0 245.0
PRODUCTION 0.0 0.8 G0 0.0 040 6.0 0.0 0.0 U t.0 0.0 0.0 0.0 0.9 24.1 117.9 169.0
TOTAL Bal 0.9 0.0 .0 5.0 0.¢ 0.0 0.0 0.0 5.7 336 B0.0 126.4 172.2 251.3 362.9 G414.4
THE OUARTERLY FUNDING REQUIRED (K%Y IS SHCHN BELOW, THE NUMBERS REPRESENT
THE DALLARS SPENT IN THE PRECEDING THREE #CNTH FERTOD.
TIME(YEARS)
1 0.5 1.0 1.5 2.8 2.5 3.0 1.5 4.0
DEVELOFFENRT 046 0.0 5.0 0.0 0.0 0. 5.0 0.7 0.0 5.7 2749  46.h  bbeh 4547 5541  17.8 Ga0
PRODUCTICN £l 0.0 8.0 8.0 1.0 5.0 9.0 0.0 0.0 Dul 0.0 8.0 0.0 0.0 24,1 93,7 51,1

TOTAL .0 9.0 0.0 8.7 3.0 t.0 9.0 0.0 0.8 5.7 27.9 Lba b 4. 4 45,7 79.1 111.¢ S1.1
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DEVELOFNMENT
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PRODUC TIGN

TOTAL

DEVELOFMENT
PRONDUCTION

TOTAL

8.0
i)

0.8

0.0
8.0

0.0

0.0
0.0

S8k

SBelt

el
0.7

Se1

FUNDING RECUIRBMENTS FOR EU &0

THF FUNDING RATE {(K$/YEAR) VARJES AS SHONM BELCW. THE NUMRERS REPRESENT THE
FUNDTNG RATE REOUIRED AT THE INOICATED TIME (SLOPE OF THT CUMULATIVE COST CURVE).

TIRE {YEARS)
0.5 1.0 1. 2.0 Teb 3.0
19249 298,7 493,8 1?54,1 2656.4 3I9LAR.A GE20.E Hb44.4 3570.9 2089.7 663.3 0.0
S.9 0.0 0.0 .8 0.0 0.1 0.0 00 0.0 0.0 Bel 51.8

192.,9 298.7 493.8 1256,1 265€,4 JOLA.A GLEDQ.E LU4L.4 3560.9 2089.7 ©€69.5 51.5

THE TOTAL FUNDING REQUIRED (CUMULATIVE COSTS IN K$) IS SHOWN BELOW. THE
NUMBERS REPRESENT THE CUMULATIVE CCSTS AT THE IMDICATED T-IME,

TIME (YEARS)
B.% 1.0 1.% o2e0 5 3.0

3.5 4.0

35.5 103.5 209.9 405.4% 8B85,7 1723.8 281342 I973.u4 4kl 5705.2 ©04142 €100.0 63100.0 £100.0 6100.0

G0 B0 0.0 f.9 0.0 0.3 0.0 2.0 0.0 g.0 6 6.3

24.8 L1 T4 51.0

35.5 103.5 209.9 &405.4 B889.7 1721.4 2813,2 3973.4 4934,1 5705.2 6DLi.R 6106.% 6124.8 B144.2 6151.90

THE OQUARTERLY FUNDING REQUIRED (X3} IS SHCWN BELOW. THE NUMBERS REPRESENT
THE DOLLARS SPENT IN THE PRECEDING THREE FINTH PERICO.

TIME(YEARS)
2.5 1.0 1.5 2.0 e 3.0

Tl b 68.0 106.4 195.6 484L,T 8X4,1 108%.5 1160.2 1070.8 71i.1 3I3E.D 58.8
0.7 .2 0.0 0.0 g.0 0.9 0.0 0.0 0.0 0.0 B 6.3

30.4 63,0 106.4% 195.6 4B4.3 E3h.1 1086.5 1160.2 1020.9 711.1 22E,.5 6S5.1

6.0 .0 00
17.9 19.4 6.8

17.93 18.4 6.8
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NEVELOFMENT
PRODUCTION

TOTAL

DEVELOFMENT
PRODUCTION

TOTAL

NEVELOFFENT
PRODUCTION

TOTAL

9:0
X%}

2:0

0.0
G¢.0

olu

0.0
0.0

THE FUNDING RATE (KE/YEAR)

FUNDING REQUIREMENTS FCR ELU 41

VARIES #AS

SHOWN BELCW. TH

FUNDING RATE RENUIRED AT THE INDICATED TIFE (SLOPE OF

THE TOTAL FUNGING REQGUIRED
NUMBERS REPRESENT THE GUMULATIVE COSTS AT THE INDICATED T.IME.

0.0
0.0

0.0

.0
Je0

.

8.0

TIME(YESRS)

(CUMULATIVE COSTS IN K$) 1

0.0
0.0

TIME (YEARS)

Z.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 8.0 .0

THE QUARTERLY FUNDING REGUIRED "{K$? IS SHCWN. BELOW.

THE DOLLARS SPENT IN TME PRECFDING THREE KMCNTH PERIOD.

TIMECYEARS)

2.0
0.0 0.0 0.0
0.0 G.0 0.0

E NUMPERS REPRESENT THE
THE: CUMULATIVE COST CURVE).

245 3.0 3.5 4,0

Q.0 0.0 0.0 2765.4 27654 0.0 U0
0.0 0.0 J.0 0.0 0.0 6£00.0 lel

0.0 .0 0.0 2765.4 2765.4 600.0 G0

S SHOWN BELOM. THE

2.5 3.0 B Y 4.0
0ol 0ol  Gu0 293.8 110642 1600.0 1400.0
0.0 8.0 0.0 0.0 0.0 75.0 150.0

293.8 1106.2 1475.0 1550.0

THE NUMBERS REPRESENT

2.5 3.0 3.5 4.0

0.0 .0 0.8 293.8 212.3 293.8 0.0
9.0 0.0 0.0 0.0 0.0 75.0 75.9
0.0 8.0 0.0 293,38 &81i2.3 3J68.8 7540
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TOTAL
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TOTAL
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TOTAL
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FUNOTING REQUIREMENTS FLR EU 42

THE FUNDING RATE (KE/YEAR) VARIES £S SHOWN BELCH,

THE MIMBERS REPRECENT THE

FUMNING RATE REOUIRED AT THE INDICATED TIMF (SLCPE OF THE CUMULATIVE COST CURVEY,

TIME (YEARS)
05 1.0 1,5 ' 2.0 7.5

0.0 0.0 52,0 159.3 ?63.4 225,2 325,22 23,4 159,
0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.9 0.0 0.0
32%.2 3F25.2 263.%4

52.80 159.3 283.4 159, 3

THE TOTAL FUNDING REQUIRED (CUMULATIVE COSTS IN K$) IS SHOWN BELOW,
NUMBERS REPRESENT THE CUMULATIVE COSTS AT THME INDICATEOD T-IME,

TIME(YEARS)
0.5 1.0 1.t 2.0 . 2.5
0.0 0.0 0.0 0.0 4.6 30.6 84,0 158.7 241.3 J6.0 3I69.4

8.0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 G. 0 0.9 0.0

J.0 0.0 g.0 0.0 4.6 BhoO 158.7 241.3 316.0 3I69.4

THE QUARTERLY FUNDING REQUIRED tX$Y IS SMOWM BRELOW,
THE DOLLARS SPENT IN THE FRECEDING THREE MCNTH PERIOQ,

TIME (YEARS)
0.5 1.0 1.8 2.0 2.5
0.0 0.0 2.0 0.0 heb 26,0 53.4 T4,T 82,7 4.7 53,4
8.0 0.0 f.0 0.0 .G 0.0 0.0 8.0 0.0 0,0 2.8
.0 00 6.0 0.0 be® 28,0 53,4 82.7 74,7 53.4

74.7

52.0
0.0

52.10

THE

3.0

295.4
0.0

395.4

THE NUMBERS REPRESENT

3.0

26l
0.0

26.0

26846
k2.2

310.8

428.5
Hal

432.7

33.2
441

I7.3

3.5

268.6
75.0

243

507.5
20.0

S27.5

3.5

78.9
15.9

54.9

t.0
G0E,.2

406.2

£26.0
81.4

517.4

8.5
6leb

8c,.9

Je0
J.0

e

$36.0
£31.0

GET.0

“.u

0.0
3.6

49.6
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DEVELOFFENT
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TOFAL
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" DEVELOFMENT
PRODUC TION

TOTAL

DEVELOFMENT
FPRODUCTION

ToTAL

THE FUNDING

RATE (KE/YEAR) VARTES AS SHOWK BFLCH,

FUNDING RECUIPFMENTS FCR EL ©9

THE NUMBERS REPRESENT THE

FUNDING RATE RENUIRED AT THE INDICATED TIME (SLCPE OF THT: CUMULATIVE COST- CURVE}.

THE

139.1
0.0

130.1

398.3

398.3

TIME(YEARS)
1.5 STz 2.5

658.4 612,22 812,9 6&58.,4 398,3
B 8.0 0.8 . 0.0 0.0 9.0
€54 .4

£12.9 812.9 6515 &t 103,3

TOTAL FUNDING REQUIRED (CUMULATIVE COSTS IN X3} IS SHOWN BELOW.
NUMBERS REPRESENT THE CUMULATIVE CESYS AT THE INDICATED T-IME,

n.o

1.9

.0
0.0

41,5

0.0

11,5

TIME (YEARS)
1.5 20 2,5
76.4 209.9 3I96.7 603,3 T90,1 923.6

¢.0 0.9 0.0 0«0 0.0 0.0

TEale 209.9 3ICE.7 60T.3 7T20.1 9223.6

3.0 3.5
130,14 1397.5 197.5 0.0
G0 31.6 5643 35.6
130.1 229.2 253.8 36.8
THE
3.0 ' 3.5

4.0

G.0
Ge0

b0

985,5 1021.0 1779.0 1100.0 110u.0

6.0 3.1 15.0 2T ol

31.0

988.5 102441 10S84,0 1127.4 1131.0

THF OUARTERLY FUNDING REOUIRED €(K$) IS SHCWN BELOW, THE NUMBERS REPRESEN
THE DOLLARS SPENT IN TRE PRECECING THRFE FCKTH FERTIOD.

11.5
0.0

1r.5

TIME(YEARS)
1.% 2.0 75

64.9 133.5 18E.8 20€.E
0.0 0.9 9.0 0.0 0.0 9.9

64.9 133.5 10E.8 20E.f

.

3.0 3.5

64,9 32.5 5844 21.0
el 241 11.9 1244

64.9 3E.6 £9.9 23.4

4.0

[Ny )
. .
o oD

4]
»
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TOTAL

OEVELOFWENT
PRODUGTICN

TOTAL

DEVELOFFENT
PRODUCFION

TOTAL

0.0
.0

0«0
LEYy

0.0

0.7
9.0

THE FUNDING RATE (KE/YEAR) VARIES RS SHOWKN PELGH,

FUNDING REQUIRFMENTS FCOR EU 51

THE NUMBERS REPRESENT THE

FUMNTNG RATE PEQUIRED AT THE IMIICATED TIME (SLCPE OF THR: GUMULATIVE CGST CURVE).

1.5

0D
0.0

0.0

TIME{YEARS)

l 2.0 245
0.0 0,0 B T 1.3
0.0 0.0 0.0 0.0 0.0
0.0 0.0 9.6 Pib,7? 21.3

THE TOTAL FUNDING REOQUIRED (CUMULATIVE COSTS IN K€} IS SHOWN AE{OW,
NUMBERS REPRESERT THE CUMULAYIVE COSTYS AT THE INDICATED T-IME.

0.%

.0
0.9

040

TIME(YEARS)
2.0 -
0.9 r.0 «9
0.0 B.0 0.0
0.0 0.0 «2

THE OUARTERLY FUNDING REQUIRED ]KS! IS SHCKKh BELOW.
THE POLLARS SPENT IN THE FRECEDING THREE MCKNTH FERTOD,

0.5

o O
. e
aa

2.
0.

O

]
0

G

1.2

0.0
0e0

0.0

TIME(YEARS)
2.0

0.0 0.0 .9

0.0 0.0 0.0

0.0 0.9 .9

25
Se2 12.5
el 0.0
Se2 12,5

24,7

0.0

24.7

THE

19.8
ola

19.2

THE NUMARERS REPRESENT

2,8
bels 7.3
.0 2.0
Lels 7.3

3.9

[— ]
- .

o w

-

L]

172.6
.9

173.6

41.5
0.9

41.5

21.8
0.0

21.8

16449
549

169.9

TS

90.6
B

91,2

hgcu
5

49,7

108.0

13,9
121.9

17 .4
13.2

307

108.0
26.0

134.0

el
12.1

1241
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0.0

+5
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THE FUMDING RATS (KE/YEARD

VARIES £S5 SHOWM PELCW,

FUNDING REQUIREMFNTS FCR EY A

THE NIMRERS REPRESENT THE

FUNDING RATE REQUIRED AT THE INDICETED TIME {SLCPE OF THT CUMULATIVE COST GURVE).

19,3
+0

19.3

2949
0.0

29.9

TIME(YEARS)

1.5 ‘ Zed >.5

62.5  52.1  49.4 107.0 216.8 255.8
0.0 0.0 0.0 0.0 0.0 0.0

62.5 59,1 49,4 107.0 21:6.8 255.8

THE TOTAL FUNDING REQUIREN (CUMULATIVE COSTS IN K$) IS SHOWN BELOW,

21.0
0.0

21.0

34.7
2.0

T 7

NUMBERT REPRESENT THE QUMULATIVE COSTS AT THE INDICATED .T-IME.

TIMELYEARS)
1.5 2.0 7.5
50,0 65,3 79.0 96,7 178.6 199.5
0.0 0.0 0.0 0.0 0.0 0.0
50,0 65.%7 79.0 96.7 1X8.4 199,5

3.0

1497.5
IE

198.14

THE

THE PUARTERLY FUNDING REGUIRED (K3} IS SHCHWN BELOW. THE NUMBERS REPRESENT
THE COLLARS SPENT IN THE PRECEDING THREE FCNTH PERTOD.

1.0

10.6
0.0

176

13.7
0.0

13,7

TIME(YEARS)
1.5 2,0 2,5
15.3  15.3 13,7 17.7  441.7  Bi.1
2.0 0.0 Jad 6.0 t.1 0.0
15.3 15,3 13,7 17,7 41,7  B1l.1

58.5
o1

58.¢

TTe2
22.5

99.6

34.9
2¢3

37.2

t.0
S8.6

58.6

300.9
12.8

112.8

7.1
10.4

17.5

0.0
41.5

1.5

300.0
2648

326.8

0.0
14.0

14,40

300.0
3.0

331.0
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FUNOING RFOUIREMENTS FCR EL 61

THE FUNDING RATE (K$/YEAR) VARIES 25 SHOWN BELCW. THE NIMBERS REPRESENT THE

FUMDING RATE RENUIREN AT THE INDICRTEQ TINE (SLCPE OF THE CUMULATIVE COST CURVE)D.

TIME(YEARS)
0.5 1.0 1.5 Z.0 2.5 3.0
8.0 0.0 0.8 3.0 8.0 0.0 0.5 0.9 0.0 0.9 Dot 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 g.0 000 Gat 8.0
.0 0.0 0.0 0.0 0.0 .0 B0 0.0 0.0 0.0 0.0 0.0

THE TOTAL FUNDING RENUIRED {CUMULATIVE COSTS IN ¥8) IS SHOWN RELOM. THE
NUMAERS REPRESENT THY CUMULATIVE COSTS AT THE INGICATED T-Iwe,

TIMEC(YEARS)
0.5 1.0 1.F 2.0 2.9 3.0
0.0 0.0 0.0 0.0 8.0 0.0 8.0 0.0 0.0 0.0 0.0
0.0 D0 0.9 2.0 3.0 g.0 B9 0. 0.0 ‘0e0

0.0
.0 t.0
4

0
0.0 0.0 0.3 0.0 0.0 0.0 g.n c.0 0.0 0.0 6.0 0.

.

THE CUARTERLY FUNDING REOUIRED (KE) IS SHCWN BELOW, THE NUMBERS REPRESENT
THE NOLLARS SPENT IN TME PRECECING THREE MCNTM PERIND,.

TIME (YEARS)

0.% 1.8 1.5 2.0 2.5 2.0
g.0 Del Ga8 0.0 3.0 Ced 0.8 040 0.0 .0 «0 (L
9.0 6.9 9.0 0.0 0.0 D0 0.0 J.0 0.0 0.0 0.0 G.0

0.0 0.9 4.0 0.0 8.0 0.0 8.1 0.0 0.0 0.0 0.0 0.0

56.3

55.3

wn awn
. a
0 [— X7

5.9
0.0

5.9

55.3
0.0

5.3

3e5

22.1
g.0

22.1

16.2
0.

16.2

8.0
240

240

28.0
3.0

31.0

4a0

6.0
4.0
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DEVELOFFENT
PRODUCTION

ToTaL

DEVELOFFENT
PRODUCTION

TOYAL

DEVELOFFMENT
PRODUCTICN

TOTAL

ﬂ.u
040

0.t

D0
Oe0

.0

g.0
g.0

0.0

THE FUNDING RATE

[KE/YEAR) VARIES £S SHOWM BELCH,
FUNITING RATE RENUIRED AT THE IMOICATED TIME (SLOPE

FUNDING REQUIRFHENTS FCR EU 78

0OF THD
TIME(YEARS)
E-U. . 225
0.7 8.0 27.0  5£9.1 7.5
00 9.0 G0 0.0 G0
0.0 D.0 27.0 6341 8745

THElTDTAL FUNDING REQUIRED {GUMULATIVE COSTS IN ¥$) IS SHOWN .BELOW,
NUMAFRS REPRESENT THE CUMULATIVE CUSTS AT THE INDICATED T-IME,

TIHE(Y#ARS)

BN
8.0 0.0 2.5
0.0 0.0 0.0
8.0 0.0 2.5

THE OUARTERLY FUNDING REQUIRED (K$} IS SHOWN BELOW.
THE DOLLARS SPENT IN THE FRECEDING THREE VMCKTH PERIOC.

0.0
9.0

[= =]

TIMEUYEARS)

2.0
0.1 0.0 245
0.0 0.8 0.0
0.0 0.0 2.5

245

1he? I5.0
0.0 0.0

14.7 15,0

THE MUMBERS REPRESENT THE
CUMLLATIVE COST CURVED .,

69,1
8.0

69.1

THE

65,3
0.0

65,3

THE NUMBERS REPRESENT

2.5

12,2 20.3
0.0 0.0

12.2 20.2

27.0
10.5

37.6

67 .5

68.6

12.2

13.2

26.7

26.7

T0.0
.8

75.3

0.0
184

1844

70.0
12.1

821

4.0

To.0
14.0

84.0

4.0

> o
O a

1.8
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DEVELOFMENT
PRODUCTICN

TOTAL

DEVELOFWENT
PRODUCTION

TOTAL

DEVELOFFENT
PROOUCTION

TOTAL

Gel

4.0

(Y]

0.0

THE FUNDING RATE (K3/YEAR) VARIES RS SHOWN PELCW,

FUNDING PEQUIRFMENTS FCR EL 80

THE NIMBRFRS REPRESENT THE

FUNDING RATE REQUIRED AT THE INDICATED TIME (SLCPE OF THF GUMULATIVE COST CURYE) .

TIME(YEARS)

2.0
0.2 0e0 t.2
0.9 0.2 0.0

245
0.0 0.0
0.0 0.0
0.9 0.0

THE TITAL FUNDING REAUIRFD (CUMULATIVE COSTS IN K¥) IS SHOWN RELOM.
NUMAERS REPRESENT THE CUMULATIVE COSTS AT THE INDICATED T-IME,

0.5 1.0

0.0 0.0 G.0 0.0
LY D.0 8.0 0.0

4.0 0.0 0.0 0.0

TINELYEARS)
£y

0.0 0.0 2.0
.0 0.0 0.0

Q.0 0.8 0.9

THE QUARTERLY FYUMDING REQUIRED. (K$Y IS SHCWN BELOW.
THF COLLARS SPENT INM THE PRECEDING THREE FENTH PERTOD,

0.5 1.0
0.0 G0 0.0 3.0
G.0 B340 D.0 0.8
0.3 9.0 0.0 G.0

TIWE (YEARS)

Za 5
1.1 0.0
0.0 2.9
0.0 0.0

3.0 3.5

0.0 2004.9 2104.,9 0.0
Bet Gel 0.0 3608.0

0.0 2004.9 2004.9 3608.0

THE

3.0 : 3.5

G.9 0.0 &51.8

THE NUMBERS RFPRESENT

2.5
0.9 g.0
0.0 - 0.0
0.5 8.0

3.0 3.5
T.0 213.0 EB488.9 212.0
0.0 0.0 90 451,00
0+0 21,0 588.9 E64.0

0.0
0.0

DeD

b0

80240 1015.0 1015,0
902.0

802.0 1L6K.0 1917.0

LTy

ol

451,10

451.0
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FUNDING SECUIREMENTS FCR EL 91

THE FUNDING RATS (KQ/YCAR) VARIES AS SHOMM PELCHW, THE NUMRERS PEPRESENT THE
FUNDITNG RATE RENUIRED AF THF INDIGATED TIME (SLCPE OF THF CUMULATIVE COST CURVE).

TIME(YEARS)
¥ 1.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
DEVELQFFENT 0.0 0.0 0.0 G.0 0.0 0.0 0.0 . 0.0 J.0 0.D 0.0 &98.,8 898,3 0.0 G.0
PRODUCTION B0 0.0 0.0 Q.0 .0 9.0 0.0 0.2 0.0 0.0 0.7 0.0 0.0 2.8 0.0 380.0 Ga0
TOTAL 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 f.0 0.0 0.0 D.0 8%8.8 893,39 Ia0.0 6.0
THE TOTAL FUNDIKG RENUIRED (CUMULAYIVE €OSTS "IN K$) IS SHOWN BELOW. THE
NUMBERS REPRESENT THFE CUMULATIVE COSTS AY THE INOICATED T-IWE.
TIME(YEARS)
9 0.5 1.0 1.5 2.0 . 2.5 3.0 .5 4.0
DEVELOFRENT 0.0 6.0 0.0 9.1 G40 0.0 0.0 0.0 el 0.0 0.0 0.0 0.0 85,5 359.5 455.0 455.0
PRODUCTION Q.7 0.0 t.0 G0 0.0 0.¢ 0.0 0.0 6.0 0.0 6.0 8.0 - D48 0.0 .0 47 .5 95.0
TOTAL. 0.0 0.8 0.0 0.0 0.0 a.c 0.0 0.1 0.9 0.0 0.0 0.0 0.0 95.5 359.5 562.% 550.0
THE PUARTERLY FUNDING REOUIRED (K$% IS SHCWN BELOW. THE NUMBERS REPRESENT
THE DOLLARS SPENT IN THE PRECEDING THREE MCATH PERYOD. ‘ '
TIME{YEARS)
a 0.5 1.0 1.5 240 245 3.0 3.5 LY
DEVELOFFENT 0.0 0.9 0.0 0.0 o0 8.C f.0 0.7 0.0 8.0 0.0 (a0 b.C 95.5 264490 95.5 G0
FRODUCTION Oal 0.0 0.0 8.0 J.0 9.0 0.0 0.0 0.0 0.8 0.0 G.0 0.8 0.9 0.0 47 .5 4745
TOTAL 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 a0 0.9 0.0 0.0 U+0 95,5 2E4.0 143.0 475



oL-11

DEVELOFVFENT
PRODUCTIONM

TOTAL

DEVELOFVENT
PROCUGTION

TOTAL

DEVELOFMENT
PRODUCTICN

TOTAL

B0
Ba0

0.0

0.0
0.9

THE FUNMGING

0.8
a.0

RATE (KIFYEAP)
FUNDTING RATE REOUIRED AT THE INDICATED TIME

FUNDING RECUIREMENTS FCR FL 93

VARIES 85 SHOWM BELCW,.
(SLOPE OF TH-

TIME (YEARS)

2.0

]
o~
wm [— Y]

THE TOTAL FUNDING REOUIRED (CUMULAYIVE COSTS IN K$) IS SHOWN RELOW..

NUMBERS REPRESENT THE SUMULATIVE COSTS AT THE INODICATED TIME.

0.5

0.0
0.0

0.0

0.0
0.0

g.0

1.5

0.0
0.0

TIME CYEARS)
2.0

0.0 0.0 1,1
0.0 0.0 0.0

6.0 0.0 1.1

6.3
8.0

6.3

15.0
0.0

15.0

THE NJMRERS REPRESENT THE
CUMULATIVE COST CURVE) .

3-0

29. 6
0.0

29.E

THE

THE NUARTERLY FUNDING REQUIRED (K%) IS SHChN RELOW. THE NUMRERS REPRESENT

THE DOLLARS SPENT IN THE PRECEDING THREE #CAT+ FFRIOD.

TIME{YEARSY
2.0
0.9 8.0 1.1
.0 0.0 0.0
G.1 0.8 1.1

5.2

31.3
g.0

31.3

=

~4
.
w

3.5

19.8
4.0

23.7

1.5

37.9
oh

38.3

0.0
B.0

8.0

40.10
2.1

42.1

D.o
«9



1201

YEAR

NDEVELOFMEART FUNDTING RATE
PRCOUCTION FUNDIME RATE
TCTAL FUNCING RATF

CUXULATIVE DEVELOPMENT CNSTS
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